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PREFACE  TO 


EDITION. 


OuB  knowledge  lias  been  so  much  Increased  in  extent  and  exactness 
in  almost  every  department  of  Comparative  Anatomy  since  the 
time  when  I  converted  my  "  Grundziige  ^'  into  the  first  edition 
of  this  smaller  manual — the  "Gmndriss'' — that  the  publication 
of  a  second  edition  hardly  seemed  an  easy  task.  Nevertheless^  I 
gladly  undertook  it,  for  I  had  observed  so  much  new  evidence  of 
the  importance  of  the  doctrine  of  development  in  anatomical 
enquiry.  The  road  along  which  science  may  travel  forward  success- 
fully seems  indeed  to  be  growing  easier,  yet  the  distance  which 
we  have  made  is  but  short  in  comparison  with  that  which  lies 
in  front  of  us,  and  far  beyond  our  view.  Every  question  solved 
leads  again  to  fresh  problems,  and  renders  unstable  even  what 
seemed  to  have  taken  a  definite  form.  There  are,  therefore,  great 
difficulties  in  giving  such  a  comprehensive  presentation  of  the 
subject  as  a  text-book  ought  to  supply.  I  have  tried  as  much 
as  possible  to  evade  these  difficulties  where  I  have  been  unable 
to  overcome  them.  Much  remains  unaltered,  because  recent  in- 
vestigations appear  to  demand  fundamental  changes,  the  concrete 
expression  of  which  cannot  be  immediately  taken  in  hand* 

I  have  somewhat  modified  the  arrangement  of  the  matter.  I 
can  hardly  be  blamed  for  separating  the  Brachiopoda  from  the 
Mollusca,  and  treating  them  as  forming  an  independent  phylum. 
Nor  indeed  is  the  change  a  real  one,  for  even  in  my  ^'  Grundziige  '^ 
I  drew  especial  attention  to  the  great  difference  that  obtained 
between  them  and   the  ''other  Mollusca.*'     The  Tunicata  have 
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been  treated  in  the  same  way,  but  this  does  not  require  any 
apology  at  the  present  date. 

By  treating  the  subject  more  concisely  I  have  been  able  to 
increase  the  real  matter  to  a  certain  extent,  without  enlarging 
the  size  of  the  book.  I  have,  of  course,  only  dealt  with  what 
has  seemed  to  me  to  be  of  capital  importance;  many,  and  even 
important,  details  have  been  omitted,  owing  to  the  limits  imposed 
by  the  aim  of  the  book. 

I  have  endeavoured  to  correct  some  previous  mistakes  and  to 
supply  omissions.  If  any  such  have  been  retained,  or  have  newly 
crept  in,  I  shall  be  fairly  judged,  I  know,  by  anatomists,  who 
will  remember  the  vast  extent  of  our  science  and  the  object  of 
this  work.  I  hope  that  I  have  satisfied  them,  and  if  I  have  my 
toil  is  well  repaid. 

Heidelberg,  November,  1877. 

0.  Gtogenbaur. 


PREFACE  TO  THE  ENGLISH  TRANSLATION. 


It  is  a  great  pleasure  to  me  to  be  able  to  place  in  the  hands  of  my  pupils 
in  Oxford  and  London  an  English  translation  of  Professor  Geoenbaur's 
"  Grundriss  dcr  Vergleichenden  Anatomie."  I  have  to  thank  the  energy  and 
industry  of  Mr.  Jeffrey  Bell,  of  Magdalen  College,  Oxford  (now  one  of 
the  stafif  of  the  British  Museum),  for  the  translation  which  he  undertook  and 
carried  through  at  my  request,  when  I  found  that  my  time  was  too  fully  occu- 
pied with  other  work  to  allow  of  my  completing  it  myself  within  a  suffi- 
ciently short  period  from  the  date  of  publication  of  the  German  work. 

My  share  of  the  present  work  has  therefore  consisted  in  a  careful 
revision  of  the  MS.  and  proof-sheets,  which  has  been  by  no  means  a  mere 
formality,  but  enables  me  to  give  the  assurance  that  the  original  work  is 
faithfully  rendered  in  the  translation.  The  chapter  on  the  Tunicata  I  took 
occasion  to  translate  myself. 

That  Professor  Gegenbaur*8  work  will  bo  of  great  service  to  those 
English  students  who  do  not  already  read  German  cannot  bo  doubted.  Wo 
have  some  excellent  treatises  in  the  English  language  on  animal  morpho- 
logy, notably  the  Manuals  of  the  Anatomy  of  Vertebrate  and  Invertebrate 
Animals,  by  Professor  Huxley.  But  we  do  not  possess  any  modem  work 
on  Comparative  Anatomy,  properly  so-called ;  that  is  to  say,  a  work  in 
which  the  comparative  method  is  put  prominently  forward  as  the  guiding 
principle  in  the  treatment  of  the  results  of  anatomical  investigation.  Tlie 
present  work  therefore  appears  to  me  to  form  a  most  important  supplement 
to  our  existing  treatises  on  the  structure  and  classification  of  animals.  It 
has,  over  and  above  this,  a  distinctive  and  weighty  recommendation  in  that 
throughout  and  without  reserve  the  Doctrine  of  Evolution  appears  as  the 
living,  moving  investment  of  the  dry  bones  of  anatomical  fact  Not  only 
is  the  student  thus  taught  to  retain  and  accumulate  his  facts  in  relation  to 
definite  problems  which  are  actually  exercising  the  ingenuity  of  investigators, 
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but  he  is  encouraged,  and  to  a  certain  extent  trained,  in  the  healthy  use  of 
his  speculative  faculties ;  in  fact  the  one  great  method  by  which  new  know- 
ledge is  attained,  whether  of  little  things  or  of  big  things — the  method  of 
observation  (or  experiment),  directed  by  speculation — ^becomes  the  con- 
scious and  distinctive  characteristic  of  his  mental  activity.  Thus  we  may 
claim  for  the  study  of  Comparative  Anatomy,  as  set  forth  in  the  present 
work,  the  power  of  developing  what  is  called  "common  sense"  into  the 
more  precisely  fixed  "  scientific  habit "  of  mind. 

I  have  made  no  notes  nor  additions  of  any  kind  to  the  original  text, 
with  the  exception  of  a  few  references  to  English  works  likely  to  be  useful 
to  the  English  student.     These  additions  are  indicated  by  brackets. 

Whilst  the  work  is  thus  presented  to  the  reader  precisely  as  its  author 
designed  that  it  should  be,  there  can  be  no  objection  to  the  introduction 
in  this  place  of  a  few  remarks  suggested  by  the  fact  that  this  English 
translation  is  intended  for  the  use  of  English  students,  and  that  it  is 
therefore  desirable,  in  order  to  prevent  confusion  and  perplexity,  to  point 
out  certain  statements  of  fact,  or  of  interpretation  of  fact,  in  which  Professor 
Gegenbaur  differs  widely  from  authorities  usually  followed  in  this  countrj\ 
I  shall,  moreover,  refer  to  some  recent  additions  to  knowledge  published 
since  this  work  left  Professor  Geoenbaur's  hands.  It  "will  be  understood 
that  the  following  paragraphs  are  intended  as  a  supplement  necessitated 
by  the  special  objects  of  this  translation,  and  are  by  no  means  to  be 
regarded  as  conceived  in  the  spirit  of  criticism  or  discussion,  which  would 
assuredly  ill  befit  a  writer  who  is  making  known  to  a  new  audience  the 
teachings  of  a  master  to  whom  he  is  deeply  indebted. 

.  Kuclei  of  Cells. — In  the  first  place,  it  seems  necessary  to  notice 
that,  whilst  the  last  Grerman  edition  of  this  work  was  in  the  press,  very 
important  additions  to  our  knowledge  of  the  nucleus  of  organic  cells  or 
plastids  were  being  made.  Though  these  investigations  are  not  yet  complete 
they  tend  to  modify  what  is  said  concerning  the  nucleus  on  pages  15  and 
16.  The  student  is  referred  to  an  article  by  Mr.  Priestley  in  the  Quart. 
Joum.  Microsc.  Science,  voL  xvL  (1876),  for  an  account  of  the  observations 
of  AuERBACH,  Strasburgeb,  Hertwig,  and  Van  Bbneden,  and  to  part  iii. 
of  the  same  Journal,  vol  xviii  (1878),  for  original  observations  on  the  same 
subject  by  Dr.  Klein. 

Reproduction  of  Infusoria. — ^A  most  important  modification  in  the 
current  views  as  to  the  reproduction  of  the  Infusoria  has  resulted  from 
the  same  line  of  study  as  that  just  mentioned,  when  carried  into  the 
domain  of  unicellular  organisms.  0.  Butschli  and  Engelmann  have  shown 
that  we  are  not  at  present  in  a  position  to  assert  that  the  process  of  con- 
jugation in  the  Infusoria  is  followed  by  a  production  of  spores  (see  §  70). 
It  results  from  their  investigations  that  conjugation  in  the  Infusoria  is 
attended  by  a  definite  breaking-up  of  the  nucleus  and  so-called  nucleolus 
(paranucleus)  of  the  conjugating  individuals;    but  that  the  conjugating 


PREFACE.  ix 

individuals  separate,  and  after  expelling  portions  of  the  broken-up  nuclear 
structures  (probably  as  effete  products),  proceed  to  re-form  the  nucleus, 
or  nucleus  and  nucleolus  characteristic  of  the  species,  llie  so-called  Acineti- 
form  embryos  appear  to  be  parasites,  the  rod-like  bodies  occasionally  observed 
in  the  nucleus  are  also  parasites,  whilst  the  striated  structure  and  spindle- 
shape  exhibited  by  the  nucleolus  or  paranucleus  in  such  forms  as  Para- 
moBcium  and  Stylonichia  at  the  period  of  conjugation,  are  simply  due  to 
changes  in  this  body  which  are  exactly  paralleled  in  the  nuclei  of  egg-cells  and 
other  tissue-elements  of  multicellular  organisms,  when  those  cells  are  about 
to  divide  by  transverse  fission.  The  process  of  conjugation  in  the  Infusoria 
may  be,  and  probably  is,  attended  by  an  exchange  of  nuclear  material 
between  the  conjugating  individuals,  and  is  so  far  comparable  to  sexual 
congress,  but  it  results  in  a  simple  "  i-ejuvenescence  "  of  the  conjugating 
individuals  and  not  in  a  production  of  spores.  Reproduction  by  fission  and 
by  the  modification  of  fission,  known  as  gemmation,  has  been  accurately 
observed  in  Infusoria,  but  of  the  formation  of  "spores"  in  this  group 
wo  are  at  present  ignorant,  in  spite  of  all  that  has  been  written  on  the 
subject. 

Origin  of  Male  and  Female  Reproductive  Elements  from 
different  Germ-layers. — In  §  95  Professor  Geosnbaur  has  described 
the  observations  of  Ed.  Van  Beneden  on  the  development  of  the  sexual 
products  in  Hydractinia,  and  has  adopted  his  generalisation,  so  far  at 
least  as  it  applies  to  the  Hydromcdusse.  From  more  recent  observa- 
tions (CiAMiciAN,  Zeitschr.  fiir  wiss.  Zoologic,  vol.  xxx.  p.  501,  1878) 
it  appears  that  in  other  genera  of  hydroid  polyps  the  same  arrangement 
does  not  obtain.  In  Eudendrium  ramosum  the  ova  appear  to  develop  from 
the  ectoderm,  and  the  sperm  from  the  endodcrm ;  in  Tubularia  mescm- 
bryanthemum  both  ova  and  sperm  are  ectodermal  in  origin  according  to 
CiAHiciAN ;  Yan  Beneden  found  the  ova  to  be  endodermal  and  the  sperm 
ectodermal  in  Hydractinia^  whilst  Kleinenberq  ascribes  both  to  the  ecto- 
derm in  Hydra. 

Nervous  System  and  Sensory  Organs  of  Medusae. — ^During  the 
past  year  a  considerable  addition  has  been  made  to  knowledge  on  these 
points,  by  the  researches  of  the  two  Hertwigs  ("  Das  JN'ervensystem  und  die 
Sinnesorgane  der  Medusen."  Leipzig,  1877).  It  is  no  longer  possible  to 
deny  the  existence  of  differentiated  nervous  tissue  in  the  Meduste — the 
central  organ  having  the  form  of  a  ring  situated  along  the  line  of  insertion 
of  the  velum  in  the  Craspedota,  and  of  a  series  of  isolated  ganglia,  usually 
eight  in  number,  placed  on  the  edge  of  the  disc  in  the  Acraspeda.  (See  for 
an  abstract  of  recent  researches  on  this  subject,  Quart.  Journal  of  Microsc. 
Science,  vol.  xviii  p.  340.) 

Cirri  and  Elytra  of  Aphroditacese. — The  statement  in  §  105^  that 
the  elytra  of  the  chaetopodous  Worms,  allied  to  Aphrodite,  are  formed  by  the 
metamorphosis  of  the  dorsal  cirri  of  the  parapodia,  appears  to  be  contradict<5d 
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by  the  fact,  that  in  Sigalion  the  elytra  and  dorsal  cirri  exist  side  by  side  on 
the  same  segment. 

Homologies  of  the  Kami  of  the  Appendages  in  Astacus. — The 
view  taken  by  Pwfessor  Gbgbnbaur,  as  to  the  homologies  of  the  parts  of  the 
appendages  immediately  following  the  mputh  in  Astacus,  differs  somewhat 
from  that  which  is  current  in  this  country.  In  Fig.  122,  p.  239,  the 
mandible,  two  maxillse,  and  three  maxillipedes  of  the  right  side  of  Astacus 
fluviatilis  are  figured.  This  woodcut  was  kindly  re-dwiwn  for  the  English 
edition  by  the  author,  at  my  request,  and  gives  a  more  complete  outline  of 
the  parts  in  question,  than  does  the  older  cut  of  the  German  edition. 
Throughout  the  series  of  appendages,  three  divisions  are  distinguished  by 
the  letters  a,  c,  d.  Taking  the  lowest  figure  first  (the  third  maxillipede)  wo 
find  the  endopodite  marked  a,  the  exopodite  marked  c,  and  the  letter  d 
placed  with  the  single  epipodite  (podobranchia,  Huxley)  to  its  inner  side, 
whilst  the  double  arthrobranchia  (Huxley)  not  forming  part  of  the  appendage 
proper,  but  a  distinct  respiratory  development,  is  seen  on  its  outer  side.  In 
the  next  figure  (the  second  maxillipede),  a  indicates  endopodite,  c  exopodite, 
and  d  is  placed  close  to  the  double  arthrobranchia  on  its  outer  side,  whilst 
the  modified  epipodite  is  seen  to  the  inner  side  again,  of  this.  In  the  figure 
of  the  first  maxillipede,  a  is  placed  near  the  foliaceous  endopodite,  which 
has  a  detached  outstanding  segment,  c  near  the  filamentous  exopodite,  and 
d  near  the  broad  epipodite.  The  same  explanation  of  the  lettering  holds 
good  for  the  next  appendage,  the  second  maxilla.  In  the  next  appendage — 
the  first  maxilla — the  absence  of  the  letters  c  and  d,  indicates  that  the 
author  regards  the  whole  appendage  as  reduced  to  the  representative  of 
the  foliaceous  endopodite  a  of  the  two  inferior  appendages — a  view  with 
which  few  will  disagree.  In  the  case  of  the  mandible,  however.  Professor 
Geoenbaur  marks  the  "  palp  "  with  the  letter  c — considering,  therefore,  the 
basal  piece  of  this  appendage  to  represent  the  endopodite,  and  the  palp  to 
represent  the  exopodite.  The  more  usual  opinion  on  this  matter  is  that  the 
mandible,  together  with  its  palp,  corresponds  to  the  simple  foliaceous  first 
maxilla.  The  jointed  palp,  mounted  on  its  solid  basal  biting-piece,  cor- 
responds to  the  jointed  endopodite  a  of  the  last  maxillipede. 

The  question  of  the  presence  or  the  absence  of  a  representative  of  the 
exopodite  in  the  Decapod's  mandible,  is  a  matter  of  considerable  importance 
in  reference  to  possible  comparisons  between  the  gnathites  of  Crustacea  and 
Tracheata.  The  actual  development  of  the  parts  in  question  from  the 
nauplius-form  of  appendage,  must  be  the  ultimate  test  of  the  homologies  of 
their  rami  in  the  Crustacea. 

Blood-corpuscles  of  the  Mollusca. — ^The  statement  on^ p.  375,  that 
"  the  form-elements  of  the  blood  are  always  colourless  "  in  the  Mollusca,  is 
one  which  I  may  be  allowed  to  correct,  since  I  have  published  an  account  of 
the  blood-corpuscles  of  Solen  legumen  (Proc.  Koyal  Society,  No.  140, 
1873),  which,  besides  colourless  amoeboid  forms,  comprise  a  vast  number  of 
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oval  ones,  dooply  stained  by  hsomoglobia.  The  number  of  those  corpuscles 
is  so  considerable  as  to  give  the  blood  of  Solen  legumen  a  bright  blood- 
red  colour. 

I  may  add  here  that  I  have  observed  similar  though  larger  corpuscles 
impregnated  with  haemoglobin  in  the  blood  of  species  of  Area. 

Homologies  of  the  Arms  of  the  Cephalopoda. — The  view  that 
the  sucker-bearing  arms  of  the  cuttlefish  are  to  be  regarded  as  appendages 
of  the  head  homologous  with  the  tentacles  on  the  head  of  Gasteropods 
(p.  326),  is  one  which,  it  will  be  well  for  the  student  to  remember,  is  not 
that  usually  taught.  He  should  make  himself  acquainted  with  the  older 
and  the  newer  view,  and  the  grounds  on  which  they  are  based.  Without 
entering  into  a  discussion  of  the  arguments  which  may  be  adduced  in  favour 
of  this  or  of  rival  interpretations  of  the  parts,  it  must  suffice  here  briefly  to 
mention  that  the  arms  of  the  Cephalopod  (the  development  of  which  had 
been  made  known  by  Koluker),  were  shown  by  Professor  Huxley, 
five-and-twenty  years  ago,  to  correspond  to  the  fore-part  of  the  foot  of 
the  Gasteropoda,  and  the  ganglion,  from  which  they  receive  their  nerve 
supply,  was  then  considered  as  corresponding  to  the  pedal  (Morphology  of 
the  Cephalous  Mollusca,  PhiL  Trans.  1853).  This  view  was  maintained  in 
the  earlier  editions  of  Geoexbaur's  work.  It  has  been  abandoned  in  the 
present  edition,  in  deference  to  the  statements  of  Mr.  Jhering  ("  Vergleichende 
Anatomie  des  Nervensystems  und  Phylogenie  der  Molluscen,  Leipzig,"  1877). 
The  whole  of  that  author's  work,  both  statement  of  fact  and  speculative 
superstructure,  appears  to  me  to  call  for  very  cautious  treatment,  involving 
the  rejection  of  some  of  his  principal  conclusions. 

Origin  of  the  Limbs  of  Vertebrates. — Professor  Gegenbaur  is 
inclined  to  regard  the  skeleton  of  the  limbs  and  limb-girdles  of  Yertebrata  as 
derived  from  gill-arches  and  their  branchial  rays  (§  357).  The  student  is 
reminded  that  another  possible  derivation  of  these  organs  is  from  primitively 
continuous  lateral  fins — supported  by  cartilaginous  rays,  and  comparable  to 
the  primitively  continuous  dorsal  median  fin.  The  specialisation  and  con- 
centration of  the  lateral  fin  on  each  side  in  two  regions,  thoracic  and  pelvic, 
would  be  competent  to  give  rise  to  the  two  pairs  of  fins,  such  as  we  find  in 
the  Elasmobranchs.  Mr,  Balfour  ("  Development  of  Elasmobranch  Fishes," 
1878)  is  led  to  adopt  this  view  by  the  observation,  that  in  the  embryo  dog- 
fish the  lateral  fins  have  precisely  the  same  mode  of  origin  as  has  the 
dorsal  median  fin,  arising  *'  as  special  developments  of  a  continuous  ridge 
on  each  side,  precisely  like  the  ridges  of  epiblast,  which  form  the  rudiments 
of  the  unpaired  fins."  This  view  of  the  nature  of  the  vertebrate  limbs  has 
been  independently  worked  out  with  great  care  from  the  point  of  view  of 
comparative  anatomy,  by  IVIr.  J.  K.  Thacher  (Median  and  Paired  Fins, 
Transactions  Connecticut  Academy,  vol.  iii  1877).  In  the  important 
memoir  just  cited,  Mr.  Thacher  shows  very  plausibly  how  the  Elasmobranch 
fin,  and  not  only  the  fin,  but  the  supporting  limb-girdle  also,  may  have 
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been  derived  from  the  gradual  shifting,  atrophy,  hypertrophy,  and  con- 
crescence of  primitively  similar  cartilaginous  rods,  which  formed  a  series  on 
each  side  of  the  body,  identical  in  character  mth  the  primitive  median 
dorsal  series.  According  to  this  view,  the  "  archipterygium  "  of  Professor 
Oeoembaur  IB  not  antecedent  to,  but  is  derived  from  the  type  of  fin  found 
in  Elasmobranchs.  (See  also  on  this  subject,  Huxley,  On  Ceratodus,  Proc. 
ZooL  Soc.  voL  1876,  p.  24.) 

Relation  of  the  Malleus  and  Incus  to  the  Mandibular  and 
Hyoid  Arches. — Investigations  directed  to  the  development  of  the  skull 
led  Professor  Huxlby  some  years  since  to  adopt  the  conclusion  of  Reichert 
and  of  GooDSiR,  that  the  small  bones  of  the  Mammals'  tympanic  cavity  were 
derived  from  the  upper  ends  of  the  anterior  visceral  arches.  At  first  it 
appeared  probable  that  the  malleus  and  incus  were  both  derived  from  the 
upper  end  of  the  cartilaginous  mandibular  arch,  the  lower  part  forming 
Meckel's  cartilage.  This  led  to  the  suggestion  that  the  malleus  corresponds 
to  the  articularo  of  the  lower  jaw  of  other  Vertebrata,  whilst  the  incus  was 
considered  to  be  the  representative  of  the  quadratum,  since  it  articulates 
with  the  malleus  just  as  the  quadratum  does  with  the  articulare  (Croonian 
Lecture  "  On  the  Theory  of  the  Vertebrate  Skull,"  Proc.  Royal  Society, 
vol.  ix.  p.  398). 

Further  investigation  led  Professor  Huxley  to  a  modification  of  his 
views.  The  embryological  evidence  is  not  quite  complete,  but  the  relations 
of  the  parts  in  question  in  the  developing  Frog,  in  certain  Lizards,  and  in  Mam- 
malia, have  led  him  to  the  conclusion  ("  Manual  of  Vertebrate  Anatomy," 
p.  85,  1871)  that  whilst  the  malleus  is  formed  from  the  uppermost  extremity 
of  the  mandibular  arch,  and  therefore  represents,  not  articulare,  but  quad- 
ratum, the  incus  is  developed  from  the  uppermost  extremity  of  the  second  or 
hyoid  arch,  and  corresponds  to  the  hyomandibular  of  fishes.  The  stapes  is 
also  developed  from  the  upper  portion  of  the  hyoid  arch,  just  below  the 
incus.  The  incus  may  therefore  be  spoken  of  as  the  supra-stapedial  portion 
of  the  hyoid  arch,  and  in  certain  Vertebrata  it  exists  as  a  mere  cartilaginous 
supra-stapedial  rudiment 

These  views  in  their  later  form  have  not  been  adopted  by  Professor 
GEGENRAua  Ho  observos  (§  402)  that  the  homologies  of  the  ossicula 
audit  lis  of  the  various  classes  of  Vertebrata  have  not  yet  been  satisfactorily 
determined  In  §  352  he  maintains  the  earlier  determination  of  the  homo- 
logy of  the  mammalian  malleus  with  the  articulare  of  other  Vertebrates. 
Concerning  the  homologies  of  the  incus  and  the  stapes^  he  considers  it 
advisable,  in  the  present  state  of  knowledge,  to  make  no  statement. 

The  student  is  advised  of  these  diflfcrences  of  interpretation  of  structural 
fact,  in  order  that  ho  may  the  more  carefully  make  himself  acquainted  from 
original  sources  with  the  details  of  development,  relation  to  nerves,  and  other 
features  of  the  parts  under  discussion. 

Nomenclature  of  the  Lobes  of  the  Brain  in  Fishes. — In  the 
earlier  editions  of  the  present  work,  Professor  Gegenbaur,  led  by  the  result 


PREFACE.  xiii 

of  investigations  caixied  out  by  his  pupil  Miklucho-Maclay  ("  Voi^leich. 
^curologie  der  Wirbelthiero,"  1870),  modified  the  current  nomenclature  of  the 
lobes  of  the  Fish's  brain,  so  that  the  laige  bispherical  part,  wliich  was  usually 
considered  as  the  mesencephalon  in  the  Teleostei  and  Selachii,  was  assigned 
to  the  thalamencephalon— or  second  of  the  five  cerebral  segments — whilst 
the  impaired  large  projecting  lobe,  usually  considered  as  the  metencephalon 
(cerebellum,  fourth  segment),  was  identified  with  the  mesencephalon  of  higher 
Vertebrates,  and  the  cerebellum  was  considered  as  being  represented  by  a 
small  transverse  plate,  often  overlapped  by  the  folded  mesencephalon,  and 
usually  of  no  larger  size  than  the  piece  similarly  identified  in  the  frog.  In 
the  present  edition  Professor  Geoenbaur  has  modified  this  system  of  nomen- 
clature, and  has  returned  to  the  older  and  usually  accepted  method  of 
naming  the  parts  of  the  Fish's  brain.  Thus  in  Fig.  281,  d  marks  the  two 
spherical  masses  which  were  in  former  editions  assigned  to  thalamencephalon, 
and  are  now,  as  is  usual  with  other  anatomists,  designated  mesencephalon, 
the  expansion  between  them  and  g  being  the  reduced  area  of  the  thalamen- 
cephalon. The  letter  h  is  now  referred  to  as  metencephalon  (cerebellum) : 
this  was  previously  referred  to  as  mesencephalon;  the  myelencephalon 
prosencephalon,  and  rhinencephala  retain  their  names,  which  had  not  been 
affected  by  Maclay's  system. 

Whilst  Professor  Gegenbaur  has  returned  to  the  usual  system  of  naming 
these  parts,  he  still  considers  that  the  facts  on  which  Maclay's  nomenclature 
was  based  possibly  point  to  homologies  other  than  those  indicated  by  the 
names ;  so  that  the  Fish's  cerebellum  does  not  necessarily  agree  with  that  of 
higher  Vertebrata.  He  remarks :  *'  The  mesencephalon  is  usually  considered 
as  being  confluent  with  the  thalamencephalon  in  Selachians;  and  a  part 
which  really  represents  it,  so  far  at  least  as  relations  of  position  are  con- 
cerned, is  customarily  called  by  the  name  *  cerebellum.' " 

In  translating  the  German  terms,  Vorderhim,  Zwischenhim,  Mittelhim, 
Hinterhim,  and  Nachim,  I  have  adopted  Professor  Huxley's  equivalents, 
namely  Prosencephalon,  Thalamencephalon,  Mesencephalon,  Metencephalon, 
and  Myelencephalon.  In  the  edition  of  Quain  and  Sharpey's  Anatomy, 
published  in  1867,  a  similar  but  not  identical  series  of  terms  was  suggested. 
For  the  "primitivenHimschlitz," — the  early  strongly-marked  sinking  in  of  the 
cerebral  roof  which  separates  the  prosencephalon  from  the  thalamencephalon 
— ^we  have  no  special  term  in  use ;  "  primitive  cerebral  cleft "  is  the  transla- 
tion which  has  been  adopted. 

It  is  worth  while  jointing  out  to  the  student,  in  connection  with  this 
subject,  and  in  fact  in  relation  to  the  whole  of  the  chapter  on  the  Vertebrata, 
that  Professor  Geoekbaur  assumes  some  small  amount  of  familiarity  on  the 
part  of  the  reader  with  descriptive  human  anatomy ;  reference  to  a  manual 
treating  of  this  subject,  on  the  part  of  the  student  who  has  not  previously 
mastered  it,  is  indispensable. 

Nomenclature  of  the  Parts  of  the  Digestive  Tract. — The  transla- 
tion in  the  present  work  of  the  simple  word  "  Darm,"  and  its  compounds 
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VorilorJiii'm,  ^[ittxJdiiviii,  IfiiiterJanii,  Kopfdann,  liaa  causcxl  me  some 
IMirploxitj.  It  has  been  variouflly  rendered  in  tho  tmn.'^lalujn  by  '*giit," 
**entorori/'  **  onteric  Uibo/'  **  alimentary  canal,"  **  digestive  tmet."  Tho 
ftiet  IB  that,  wliilst  we  have  no  definite  iiomeuelatiire  at  jiresent  in  ukq 
in  English  wliich  recognises  tho  true  morphology  of  the  canal  wliich  com- 
mences with  the  mouth  and  enda  with  the  anus,  the  nomenclatnro  in  nsc  in 
Oertuany  is  of  very  doubtful  advantage,  since  it  has  not  a  sonnd  morpho 
logical  basia,  but  is  altogether  superficial  **  Darui/'  lor  which  our  n^adiest 
equivalent  is  "  gHtj"  is  used  indillWeiitly  for  the  ivhole  or  for  any  i>art  of 
tho  physiological  entity  which  reaches  from  oral  to  anal  aperture.  But  the 
English  w*onl  "  gut "  ia  associated  rather  with  the  hinder  than  with  tlie  fore- 
mo?^t  portion  of  this  tract.  It  will  prahably  be  found  most  convenient  to 
speak  of  the  pliyssiological  whole  as  the  '*  idimentary  canal,"  or  *'  digestive 
tube  ;"  and  these  terms  I  have  endenvoun?d  consistently  to  make  use  of  in 
this  sense,  though  sometimes  the  term  ** enteric  tube"  haa  been  similarly 
applied* 

The  division  of  this  tiilie  or  canal  into  pharj^nx,  oesophagus,  stomach, 
anil  intestine  ;  or,  again,  into  fore-gut,  mid-gut,  ami  hind-gut  (Vorderdarm, 
Mitteldarm,  Hinterdanu,  p.  48),  is  one  based  npoo  auperlicial  adaptations 
of  form,  and  doea  not  admit  of  a  coraparison  of  the  parts  so  designated  in 
tho  various  phyla  of  the  Animal  Kiugilom.  The  pharynx  and  the  a?so- 
pliagtis  of  the  VertelTOta  are  developed  from  the  endoderm  of  the  emliryo ; 
the  parts  which  receive  the  same  names  in  the  MoUusca  and  the  Arthropoda 
are  developed  from  the  ectoderm.  The  liind-gut  of  the  Vertebrate  is  e*ndo- 
dermal  in  origin,  ectodermal  in  the  Artliropod,  and  partly  endodermal 
partly  ectodermal  in  the  I^IoUusca,  In  fact  therc  is  no  attempt  to  recog- 
nise the  facts  of  embryology  in  the  terminology  api>hed  to  the  alimentary 
canal. 

Under  these  circumstancea  I  have  proposed  (Quarterly  Jonm.  ^rici'osc. 
Bcience,  April,  187C,  and  *'  Notes  on  Embryology  and  Classification,*'  London, 
1877,  p.  11),  tu  distinguish  tho  primitive  digestive  space  which  develops 
from  the  endoderm  (in  fact  the  gastrula-stomach)  as  tho  "  enternn." 
The  anterior  passage  leading  into  this  from  the  mouth,  and  fonned  by 
an  ingrowth  of  ectoderm,  I  liavo  termed  the  "  stomotla^um,"  and  the 
corresponding  passage  leading  from  tho  anus  I  similarly  projxise  to  call 
the  **  proctocheum/'  These  three  primary  factors  of  tho  alimentary  tract 
are  most  equally  developed  in  tho  Arthropoda  and  some  Molluscs.  In 
Vertebrata  the  stomodienm  is  exceedingly  small,  if  indeed  its  tnie  homo- 
logne  exists  at  all  (excepting  in  tlie  Tunicata).  The  proctodieum  is  alj^o  in 
them  evanescent.  The  middle  jwrtion  of  tho  alimentary  tract  fonnetl  from 
the  primitive  cntert>n  (archentcron),  which  does  not  entirely  coincide  with  that 
pai-t  to  which  ihn  term  **  Mitteldarm  ■'  is  applied,  does  not  in  all  the  various 
animal  phyla  take  up  tlie  wliole  of  the  primitive  entcron.  This,  in  fact, 
only  occura  in  some  of  the  C^ndenteratii,  which  may  therefore  be  fnihl  to 
possess   in   the   adult    condition   an   archenteron.      In   other  groups   the 
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priinitivo  enteric  sac  gives  off  the  foundations  for  a  variety  of  other 
structures,  so  that  what  is  left  of  it  as  the  central  element  of  the  alimentary 
canal  is  a  changed  and  broken-up  enteron,  which  may  be  called  "metenteron" 
as  opposed  to  the  unchanged  "  archenteron." 

It  is  to  these  three  morphological  factors  then,  the  metenteron,  the 
stomodaium,  and  the  proctodeum,  that  we  are  called  upon  to  assign  the 
various  adaptational  swellings,  constrictions,  and  outgrowths  of  the  dimen- 
tary  tract  of  higher  animals. 

These  distinctions  are  not  recogniseil  in  Professor  Geqbnbaur's  work. 
It  will  be  sufficient  here  to  i>oint  out  that  the  exact  limit  of  stomodroum 
and  of  proctodasum  in  any  particular  case,  can  only  be  ascertained  by 
direct  observation  of  the  process  of  development.  The  metenteron  is  that 
part  of  the  alimentary  canal  with  which  the  most  important  digestive 
glands  are  connected,  such  as  the  liver,  and  from  its  walls  they  are 
formed  as  outgrowths.  The  stomodajimi  gives  rise  to  salivary  glands, 
and  usually  to  masticatory  sacs  (gizzards),  but  these  latter  may  form  also 
in  the  metenteron. 

The  proctodajum  forms  the  cloacal  chamber,  where  such  exist«i,  and 
always  receives  the  openings  of  glands  (such  as  the  Malpighian  filaments  of 
insects)  which  are  excretory  rather  than  accessory  to  digestion. 

These  explanations  will  be  sufficient  to  make  clear  to  the  reader  the 
sense  in  which  the  words  "  enteron  "  and  "  enteric  "  have  occasionally  been 
employed  in  the  translation. 

Classification. — At  tlie  present  day,  naturalists  have  learnt  to  recog- 
nise in  their  efforts  after  wliat  was  vaguely  called  the  "natural"  system 
of  classification,  an  unconscious  attempt  to  construct  the  pedigree  of  the 
animal  workL  The  attempt  has  now  become  a  conscious  one.  Necessarily 
classifications  which  aim  at  exhibiting  the  pedigree,  vary  from  year  to  year 
with  the  increase  in  our  knowledge.  They  also  vary  according  to  the 
importance  attached  by  their  authors  to  one  or  another  class  of  facts  as 
demonstrating  blood-relationships.  Probably  no  two  zoologists  of  the 
present  day  would  agree,  within  wide  limits,  as  to  the  classification  which 
comes  nearest  to  expressing  the  pedigree.  Accordingly  it  is  by  no  means 
desirable  that  students  should  be  taught  to  accept  any  one  scheme  of  clas- 
sification as  finite.  They  should  be  taught  to  look  upon  these  schemes  as 
the  condensed  expression  of  an  author's  views — as  the  epitome  of  his 
teaching,  facilitating  the  recollection  and  the  comparison  of  conflicting 
solutions  of  the  vast  series  of  unsolved  problems  of  morphology. 

I  propose  here,  for  the  convenience  of  the  student,  to  place  side  by  side 
the  general  outlines  of  the  schemes  of  classification  adopted  by  Professor 
Huxley  in  1869  (No.  I.),  that  adopted  by  Professor  Gbqenbaur  in  the 
present  volume  (No.  II.),  and  that  which  I  have  made  use  of  in  my  lectures 
during  the  past  year  (No.  IIL). 

I  have  taken  the  older  classification  adopted  by  Professor  Huxley  rathor 
than  that  more  recently  put  for%vard  by  him,  because  it  is  one  with  which 
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my  oxperience  as  teacher  and  examiner  has  shown  me  that  English  students 
.  are  thoroughly  familiarised. 


I. 

BUB-KINGDOMS. 

Protozoa. 

(Ehizopoda,    Gregarinida, 
Badiolaria,  Spongida.) 

IXFUSOEIA. 
C(ELENTKRATA. 

(Hydrozoa,  Aclinozoa.) 

AnnuloYda. 
(Scolecida,  Eohinoderma.) 

Annulosa. 
(Crustacea,       Arachnidai 
Myriapoda,  Inseota,  Chic- 
tognatha,  Annelida.) 

HOLLUSCOlDA. 

(Polyzoa,       Brachiopoda, 
Tanicata.) 

HOLLUSCA. 

(Lamellibranohiata,  Bran, 
ohiogastropoda,       Palmo- 
gastropoda,        Ptoropoda, 
Cephalopoda.) 
Yebtkbrata. 

(Pi8ce8,Amphibia,Reptilia, 
Aves,  Mammalia.) 


n. 

PHYLA. 
Protozoa.* 


Ccelentemata. 

VERME8.t 

echinoderma. 

Brachiofoda4 

Abthropoda. 

Mollusc  A. 

tunicata.§ 

Yertebbata. 


III. 

PHYLA. 
Protozoa. • 


POBIFERA. 

Nematophora. 

•  «        * 

Platthelmia.|| 

GEPmrREA.II 

echinodbema. 

Entebopneusta.jI 

Kematoidea.  II 

Ch.etognatha.II 

Appindiculata.^ 

MOLLUSCA.** 
VEBTEBBATA.tt 


Seeing  that  one  of  my  chief  objects  in  superintending  the  translation  of 
the  treatise  to  which  these  few  pages  are  introductory,  has  been  to  bo  able 


*  The  Protozoa  in  Nos.  II.  and  III.  include  the  same  organisms  as  in  No.  I., 
excepting  that  the  Infusoria  are  included  in  that  phylum  in  Nos.  II.  and  III.,  and  that 
the  Sponges  are  excluded,  being  in  No.  II.  placed  under  the  Coelenterata,  and  in 
No.  III.  forming  the  phylum  Porifera  under  the  "  grade  "  Coelentens  as  shown  in  the 
genealogical  tree  on  the  adjacent  page. 

t  The  Vermes  of  No.  II.  include  all  the  Annulotda  of  No.  I.  excepting  the 
Bohinoderma,  which  are  raised  to  the  rank  of  an  independent  phylum.  They  also 
include  the  Annelida  (Chietopoda,  Hirudinea,  and  Gephyrea)  from  amongst  the 
Annulosa  of  No.  I.  and  the  Polyzoa  from  amongst  the  MoUuscol^  of  the  same  series. 

X  The  Brachiopoda,  raised  to  the  position  of  a  distinct  phylum  in  No.  II.,  are 
placed  among  the  MoUnsoolda  in  No.  I.  and  amongst  the  Mollusca  in  No.  III. 

§  The  Tunicata,  considered  as  an  independent  phylum  in  No.  II.,  are  found 
amongst  the  Molluscolda  in  No.  I.  and  form  a  section  of  the  Yertebrata  in  No.  III. 

II  The  Platyhelmia,  Gephyrea,  Enteropneusta,  Nematoidea,  and  Chsatognatha 
form  in  No.  III.  a  number  of  indejiendont  phyla.  Together  with  the  Polyzoa 
(included  in  No.  III.  under  the  Mollusca),  the  Botifera,  and  the  Chsetopoda,  included 
under  the  Api)endiculata,  they  constitute  the  series  of  phyla  which  are  in  No.  11. 
massed  together  as  "  Vermes." 

^  The  Api)endiculata  include  animals  with  lateral  locomotive  appendages,  and 
usually  a  segmented  body.  The  group  is,  excepting  that  it  has  the  addition  of  the 
Botifera,  nearly  co-extensiye  with  the  Annulosa  of  No.  I. 

•#  The  phylum  Mollusca  in  No.  III.  includes  the  Polyzoa  and  Brachiopoda, 
excluded  from  it  in  both  No.  I.  and  No.  II. 

tt  The  Vertebrate  phylum  in  No.  III.  includes  the  Tunicata,  which  it  will  be  seen 
by  reference  to  page  70  are  already  placed  on  the  Vertebrate  stem  by  Professor 
Gcgenbaur. 
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to  place  the  work  in  tlie  Lands  of  the  students  of  my  o^vn  classes,  I  need 
not  apologise  for  adding  here  fiii-thcr  details  of  the  classification  which  I 
find  it  most  convenient  to  adopt  in  teaching.  I  have  arranged  the  chief 
phyla  first  of  all  in  the  fonn  of  a  genealogical  tree,  and  secondly  in  a 
series  exhibiting  their  subdivisions  into  classes,  etc.  This  classification  is 
of  course  to  a  large  extent  only  a  modification  and  adaptation  of  systems 
already  put  forward  by  other  naturalists. 
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The  Scope  of  Comparative  Anatomy. 

§1. 

The  department  of  science  which  has  organic  nature  for  the  object 
of  its  investigations,  breaks  up  into  two  great  divisions,  Botany  and 
Zoology,  corresponding  to  the  two  kingdoms  of  organised  nature. 
The  two  disciplines  together  form  the  science  of  living  nature — 
Biology.  They  are  closely  connected  with  one  another,  in  so  far  as 
the  phaanomena  seen  in  both  the  animal  and  vegetable  kingdoms 
rest  on  the  same  fundamental  laws,  and  in  so  far  as,  notwithstand- 
ing the  differences  of  their  special  arrangements,  animals  and  plants 
have  common  beginnings,  and  are,  in  the  economy  of  nature,  closely 
interdependent. 

In  both  of  these  disciplines  several  kinds  of  investigation  are 
possible,  and  from  these  new  disciplines  arise.  Putting  aside  the 
realm  of  Botany,  let  us  follow  out  that  of  Zoology  into  its  further 
subdivisions.  The  investigation  of  the  functions  of  the  animal 
body,  or  of  its  parts,  the  reduction  of  these  functions  to  elementary 
processes,  and  the  explanation  of  them  by  general  laws,  is  the  busi- 
ness of  Physiology.  The  investigation  of  the  material  substratum 
of  those  functions,  and  accordingly  of  the  phasnomena  of  form  of 
the  body  and  its  parts,  as  well  as  the  explanation  of  the  phaanomena 
of  form  by  reference  to  function,  is  the  business  of  Morphology. 
Physiology  and  Morphology  have  thus  different  duties,  and  their 
methods  also  are  different ;  but  for  each  it  is  necessary,  although  in 
different  ways,  to  keep  in  view  the  other,  as  well  as  the  common 
aim,  which  is  indicated  in  the  term  Biology. 

Morphology  again  is  divided  into  Anatomy  and  Embryology ; 
while  the  former  has  for  the  object  of  its  investigations  the  adult 
organism,  the  latter  has  the  growing  organism  as  the  object  of  its 
study. 


2  COMPAEATIVE  ANATOMY. 

Anatomy  may  be  divided  into  general  and  special  Anatomy. 
General  Anatomy  has  to  do  with  tte  fundamental  forms  of  animal 
organisms  (Promorphology),  and  the  morphological  phsBnomena 
which  arise  from  them.  Special  Anatomy  takes  for  its  object  the 
organological  composition  of  the  animal  body.  Histology,  or 
microscopic  Anatomy,  forms  one  of  its  branches,  being  the  study 
of  the  elementary  organs  of  the  animal  body.  Embryology 
explains,  by  tracing  their  gradual  development,  the  complications 
of  the  external  and  internal  organisation,  and,  in  fact,  deduces 
them  from  simpler  conditions.  The  changes  in  organisation  can  be 
followed  out  in  the  embryonic  life  of  the  individual,  and  also  in  the 
continuous  series  of  organisms.  The  discipline  ordinarily  known 
as  Embryology  deals  with  the  former;  and  as  Ontogeny  (or  the 
development  of  the  individual)  is  contrasted  with  Phylogeny  (or 
the  development  of  the  phylum).  As  the  latter  includes  the  earlier 
and  no  longer  existent  conditions  of  animals,  it  also  embraces 
PalaBOzoology.  It  is  the  history  of  the  development  of  the  series 
of  organisms  in  their  geological  succession. 

§2. 

Since  Anatomy  has  for  its  object  the  composition  of  organisms, 
it  may  be  considered  as  the  doctrine  of  structure,  and  is  divided, 
according   to  the  different  points  of   view  from   which   structure 
itself  may  be  regarded,  into  several  divisions.     When  the   com- 
position of  the  body  itself,  its  forms,  and  the  relations  of  the  separate 
organs  are  taken  as  its  scope,  it  is  known  as  descriptive  Anatomy, 
for  it  describes  the  objects  examined,  without  drawing  any  further 
conclusions  from  them.     Anatomical  fact  is  the  aim  of  the  investiga-. 
tion,  and  empiricism  satisfies  this  aim.     Owing  to  its  relations  to 
medicine,  and  so  to  practical  requirements,  the  descriptive  Anatomy 
of  the  human  organism,  so  far  as  it  is  restricted  to  a  special  series 
of  facts,  has  become  developed  into  a   special  branch,  which,   as 
Anthropotomy,  is  put  side  by  side  with  the  similarly  descriptive 
Zootomy.     The  two  differ  only  in  their  subject-matter,  and  not  in 
their  treatment  of  it,  for  both  are  analytical.      In  proportion  as 
either  abstains  from  drawing  conclusions  from  its  series  of  facts, 
and  giving  these  the  value  of  abstractions,  is  it  wanting  in  the 
character  of  a  science ;  for  a  science  is  constituted  neither  by  an 
extensive  range  of  observations,  nor  by  the  complication  of  the 
methods  by  means  of  which  such  observations  are  made.     A  critical 
appreciation  of  the  scientific  import  of  any  branch  of  study  has, 
therefore,  little  to  do  with  the  mechanical  apparatus  of  investiga- 
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tion,  which  has  its  value  only  in  facilitating  the  discovery  or  demon- 
stration of  facts. 

Anatomy  assumes  a  very  different  character  so  soon  as  the 
knowledge  of  facts  is  only  its  means,  and  its  aim  the  conclusions 
which  can  be  drawn  from  an  assemblage  of  such  facts ;  the  facts  of 
individual  phsenomena  being  regarded  not  by  themselves  exclusively, 
but  being  brought  into  relation  with  one  another.  This  happens 
when  what  is  alike  in  the  organisation  of  different  organisms  is 
made  the  object  of  search,  and  when  the  facts  thus  acquired  are 
compared.  Anatomy  thus  arrives  at  scientific  results,  and  shapes 
the  results  of  inductive  inquiry  into  deductive  conclusions.  Thus  it 
becomes  Comparative  Anatomy.  Its  method  is  synthetical.  The 
analyses  of  Descriptive  Anatomy  (Anthropotomy  as  well  as  Zootomy) 
provide  the  basis  for  it ;  they  are  consequently  not  only  not  excluded 
from  Comparative  Anatomy,  but  are  most  closely  embraced  and 
logically  permeated  by  it.  The  more  careful  the  sifting  of  facts, 
the  surer  the  basis  of  comparison.  Empiricism  is  thus  the  first 
requisite,  and  abstraction  is  the  second.  Abstraction  has  no  basis 
without  pre-existing  empiricism;  and  empiricism  by  itself  is,  from 
the  scientific  point  of  view,  a  mere  stepping-stone  to  real  knowledge. 

§3. 

The  task  of  Comparative  Anatomy  is  the  morphological  ex- 
planation of  the  phsenomena  of  form  met  with  in  the  organisation  of 
the  animal  body.  Comparison  is  the  method  which  serves  for  the 
performance  of  this  task.  It  shows  the  way  which  scientific  investi- 
gation has  to  go,  and  which  it  is  necessary  to  know  in  order  to  avoid 
disjointed  and  fruitless  labour.  The  comparative  method  seeks 
to  test,  in  series  of  organisms,  the  morphological  results  of  the 
observation  of  the  organs  of  the  body,  places  together  similar 
characters,  and  separates  the  dissimilar  from  them.  Thus  it  takes 
into  consideration  everything  which  can  in  any  way  be  looked  at 
as  the  result  of  anatomical  observation :  relation  to  other  parts  of 
the  body,  form,  number,  extent,  structure,  and  texture.  It  thus 
collects  series  of  stages  for  the  several  organs,  in  which  the  extremes 
may  be  so  far  different  from  one  another  as  not  to  be  recognised, 
but  which  are  united  to  one  another  by  numerous  intermediate  steps. 

It  is  clear,  in  the  first  place,  from  the  existence  of  various  forms 
of  one  and  the  same  organ,  that  the  physiological  value  of  an  organ 
in  different  stages  is  not  by  any  means  the  same,  but  that  an  organ, 
as  its  anatomical  characters  are  modified,  may  come  to  have  very 
different  functions.     The  exclusive  consideration  of  their  physio- 
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logical  duties  may  thus  bring  organs  which  are  morphologically 
connected  into  very  different  categories.  Thence  results  the  sub- 
ordinate importance  which  we  must  assign  to  the  physiological 
duties  of  an  organ  when  we  are  engaged  in  an  investigation  in 
Comparative  Anatomy.  Physiological  value  is  only  to  be  regarded 
at  all,  and  then  in  the  second  place  only,  when  we  are  trying  to 
make  out  the  relations  to  the  entire  organism  of  those  modifica- 
tions which  an  organ  may  have  undergone  as  compared  with  some 
other  condition  of  the  organ. 

By  this  examination  of  anatomical  facts,  by  means  of  com- 
parison. Comparative  Anatomy  demonstrates  the  connection  of  entire 
series  of  organs.  Within  these  series  we  find  changes  of  the 
most  varied  range,  sometimes  slightly,  sometimes  widely  extended ; 
modifications  which  affect  the  size,  number,  form,  and  even  the 
texture,  of  the  parts  of  an  organ,  and  which  may  even  lead  to 
changes  in  its  situation.  The  review  of  such  a  series  teaches  us 
then  to  recognise  a  progress  presented  in  those  several  successive 
stages,  which  the  modifications  of  one  and  the  same  organ  in  different 
animals  exhibit  to  us. 

§  4. 

We  ascribe  the  existence  of  a  certain  amount  of  similarity  in 
the  organisation  of  certain  larger  or  smaller  divisions  of  the  animal 
kingdom  to  Transmission — a  phaanomenon  which  is  exhibited  in 
the  passing  on  of  its  organisation  by  a  given  organism  to  its  posterity. 
The  descendants  repeat  the  organisation  of  the  parental  organisms. 
This  is  an  indubitable  fact.  Nevertheless  now  and  again  objections 
are  raised  either  to  the  existence  of  Transmission  or  to  its  signifi- 
cance. The  similarity  of  the  organisation  of  the  descendants  and 
their  ancestors  is  then  ascribed,  not  to  Transmission,  but  to  certain 
physical  forces  acting  during  embryonic  life.  In  reply,  we  may 
ask,  how  does  it  happen  that  in  ancestor  and  descendant  these 
forces  are  the  same — viz.  all  those  forces  of  tension,  of  pressure, 
and  so  on,  from  which  it  is  sought  to  deduce  the  building  up  of  the 
embryo  ?  If,  for  example,  a  joint  gets  its  ontogenetic  development 
by  the  movement  of  the  parts  of  the  skeleton  by  means  of  muscular 
activity,  a  certain  arrangement  of  the  muscles  is  presupposed,  and 
a  perfectly  definite  structure  of  the  muscles ;  and  for  these  again^ 
a  perfectly  definite  number  and  arrangement  of  the  morphological 
elements  which  make  up  a  muscle.  This  being  so  we  must  ask, 
whence  comes  the  definite  arrangement  of  these  parts  ?  whence  arises 
the  similarity  of  arrangements  in  the  ancestors  and  the  descendants  ? 

We  find,  in  fact,  that  we  must  give  full  recognition  to  the  exist- 
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ence  of  the  transmission  of  properties,  and  recognise  in  it  a 
phdDnomenon  of  general  prevalence,  whicli  may  indeed  present 
modifications  of,  but  never  exceptions  to,  certain  definite  laws.  We 
may  deduce  it  from  the  conditions  involved  in  propagation,  and  thus 
explain  it  to  a  certain  degree;  for  it  is  clear  that  portions  of  an 
organism,  if  they  give  rise  to  a  new  organism,  will  carry  on  to  it 
the  peculiarities  which  the  primitive  organism  possessed.  This  is 
clearest  in  the  lower  organisms,  which  are  proptigated  by  mere 
division.  Each  portion  forms  at  once  an  organism  like  the  first. 
But  from  this  there  extends  a  continuous  series  of  methods  of  pro- 
pagation, up  to  those  in  which  generative  products  come  into 
action,  which  are  quantitatively  very  different,  although  in  all  cases 
derived  from  the  division  of  the  parent  organism. 

The  new  organism  in  this  case  also  represents  in  actual  sub- 
stance the  continuation  of  the  ancestral,  and  will  therefore  possess 
qualities  which  agree  with  those  of  the  latter. 

The  amount  of  similarity  or  agreement  in  the  organisation  of 
animals  is  very  various.  We  recognise  animals  which  differ 
from  one  another  by  slight  points  only;  then  those  which  are 
separated  by  considerable  differences ;  and  again  others  which,  in 
external  or  internal  organisation,  present  the  greatest  differences. 
Thus  agreement,  as  well  as  variation,  is  found  in  interminable 
gradations.  We  call  things  which  are  more  or  less  like  to  one 
another,  "  related ; "  and  in  like  manner,  when  organisms  exhibit 
likeness,  we  use  that  word  to  denote  the  reciprocal  connection,  but 
in  this  case  we  give  to  it  its  full  meaning  of  blood-relationship. 

We  recognise  similar  organisms  as  related  to  one  another, 
when  we  can  explain  the  similarity  of  the  organisation  by  common 
inheritance.  But  the  degree  of  this  similarity  measures  the  degree 
of  relationship  which  we  can  deduce  from  it.  Relationship  can  be 
regarded  as  close  when  the  differences  are  slight ;  while  when  the 
differences  are  great  it  must  be  regarded  as  more  distant.  We  thus 
substitute  for  the  conception  of  the  agreement,  or  likeness,  of  the 
organisation,  that  of  relationship,  for  we  regard  the  agreements 
which  obtain  in  the  organisation  of  a  collection  of  organisms  as 
inherited  peculiarities. 

The  doctrine  of  the  Blood-relationship  of  Organisms  or  Phy- 
logeny  is  based  on  the  law  of  inheritance.  Comparative  anatomy 
thus  reveals  the  relations  of  ajBinity  within  the  various  divisions  of 
the  Animal  Kingdom  by  pointing  out  what  is  alike  and  what  unlike. 
[A  full  account  of  this  most  important  law  of  inheritance  and 
its  phsenomena  is  to  be  found  in  Haceel^s  luminous  essay  on  the 
subject  (Generelle  Morphologie,  vol.  ii.  p.  170).] 
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§  5. 

By  means  of  interitance,  cliaracters  are  passed  on  to  the 
organism,  whicli  are  afterwards  matured  in  the  course  of  its  indi- 
vidual development  (Ontogeny).  There  is  no  such  development  in 
the  simplest  forms,  inasmuch  as  the  young,  which  arise  by  division  of 
the  maternal  organism,  only  need  increase  in  size  to  make  them  like 
the  maternal  organism.  In  this  case,  development  is  the  same  thing 
as  growth,  which  is  completely  coextensive  with  it.  The  farther 
an  organism  is  from  a  primitively  simple  condition,  or  the  greater 
the  sum  of  characters  which  have  been  inherited  from  its  ancestors 
and  transmitted  to  their  descendants,  the  less  simple  is  its  ontogeny ; 
for  during  it  a  part  at  least  of  the  characters  which  have  been 
inherited  from  its  ancestors  are  repeated,  and  are  presented  by  the 
developing  body  in  several  successive  stages.  Ontogeny  thus 
represents,  to  a  certain  degree,  paleeontological  development,  ab- 
breviated or  epitomised.  The  stages  which  are  passed  through  by 
higher  organisms  in  their  ontogeny,  correspond  to  stages  which 
are  maintained  in  others  as  the  definitive  organisation.  These 
embryonic  stages  may  accordingly  be  explained  by  comparing  them 
with  the  mature  stages  of  lower  organisms,  since  we  regard  them  as 
forms  inherited  from  ancestors  belonging  to  such  lower  stages. 
Regarded  from  this  point  of  view,  many  of  the  so-called  larval- 
stages,  with  their  "  provisional  organs" — so  named  because  they  are 
transitory,  and  limited  to  the  earlier  stages  of  life  only — are  seen 
to  be  forms  of  great  importance,  and  full  of  significance.  Such 
organs,  besides  having  physiological  relations  to  the  organism 
which  possesses  them,  in  consequence  of  which  they  are  preserved 
as  practical  arrangements,  and  become  heritable,  can  be  recog- 
nised in  lower  grades  of  the  existing  series  of  animal  forms,  and 
thus  reveal  the  phylogeny  of  the  animal  that  possesses  them. .  The 
"  stadium  larvatum "  then,  notwithstanding  its  name,  often  points 
out  with  great  clearness  the  blood-relationship  of  an  organism.  At 
times  these  larval  organs  are  not  so  well  explained  by  transmission 
as  by  adaptation,  and  thus  the  estimation  of  their  true  meaning  is 
made  more  difficult.  The  significance  of  these  arrangements  is  more 
obvious  in  organisms  which  do  not  enter  immediately  into  the 
"  struggle  for  existence  "  in  the  external  world,  but  are  developed  for 
a  certain  time  within  the  coverings  of  the  ovum,  and  so  are  less 
exposed  to  the  moulding  influences  of  the  outer  world.  In  these 
cases  they  are  "  provisional "  arrangements,  and  may  be  with  greater 
certainty  regarded  as  having  been  transmitted,  and  consequently  as 
repetitions  of  lower  stages.     The  branchial  clefts  which  appear  in 
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tte  embryos  of  the  higher  Vertebrata,  but  by-and-by  disappear, 
are  structures  of  this  kind.  Regarded  alone  they  are  inexplicable, 
for  they  neither  lead  to  the  formation  of  gills  at  any  time,  nor  are 
they  converted  (with  the  exception  of  the  anterior)  into  definitive 
organs  of  any  other  kind.  Comparison  shows  us,  however,  that  in  a 
large  division  of  lower  Vertebrata  these  branchial  clefts  are  important 
organs  of  respiration;  and  as  we  also  know  Vertebrata  (Amphibia), 
in  which  the  clefts  function  only  for  a  time  as  respiratory  organs, 
and  close  up  later  on,  we  are  able  to  comprehend  the  branchial 
clefts  of  reptiles,  birds,  and  mammals,  as  arrangements  obtained  by 
transmission  from  lower  stages,  which  have  lost  their  primitive 
function,  and  remain  for  a  short  time  only— during  foetal  life. 

§6. 

In  the  sum  of  the  characters  of  the  organisation,  which  inherit- 
ance passes  on  to  an  organism,  we  find,  in  consequence  of  what  has 
been  already  pointed  out,  a  greater  or  smaller  number  of  arrange- 
ments, which  pass  on  into  the  permanent  adult  stage  of  the 
organism  without  having  any  recognisable  function  in  it.  Such 
parts  are,  as  a  rule,  seen  in  a  more  or  less  atrophied  and  rudimentary 
condition,  which  they  often  do  not  acquire  until  the  ontogeny  has 
run  its  course.  In  the  early  stages  of  the  ontogeny  they  generally 
agree  in  completeness  with  the  other  arrangements  which  obtained 
in  the  ancestral  form  from  which  they  are  derived.  These  rudi- 
mentary organs  commence  to  atrophy  the  earlier  in  proportion  as 
they  were  inherited  earlier,  in  apalasontological  sense ;  and,  as  a  rule, 
disappear  late  when  their  origin  is  a  relatively  late  one.  The  fully- 
developed  form  of  the  rudimentary  organs  is  consequently  to  be 
found,  in  the  former  case,  in  widely  separated  species ;  in  the  latter, 
on  the  other  hand,  in  species  more  closely  aUied,  These  organs 
are  valuable  objects,  since  phylogenetic  relations  can  be  very 
generally  recognised  by  their  aid.  They  show,  too,  how  little 
physiological  significance  ought  to  be  regarded  in  a  morphological 
discussion ;  for  in  most  of  them  a  function  is  not  to  be  made  out  at 
all,  or,  if  it  can  be  made  out,  is  found  to  be  quite  different .  to  the 
primitive  one. 

§7. 

Comparative  Anatomy  forms  part  of  Ontogeny,  inasmuch  as  it 
treats  of  the  phsenomena  of  the  organisation  which  appear  in  the 
course  of  the  individual  development  of  the  animal;  not  only  in 
relation  to  the  complete  stage  of  the  organism,  but  in  relation  also 
to  the  definitive  arrangements  of  other  organisms.     Comparative 
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Anatomy  explains  the  phsenomena  of  Ontogeny.  Ontogeny 
by  itself  does  not  rise  above  the  level  of  a  descriptive  discipline^  and 
in  proportion  to  the  exactness  of  its  investigation  possesses  a  yalue 
as  so  much  objective  material.  At  the  same  time  Ontogeny 
gains  scientific  importance  by  its  connection  with  Comparative 
Anatomy.  Its  facts,  which  by  themselves  are  incomprehensible,  or 
ai'e  only  teleologically  explicable  in  a  metaphysical  sense,  because 
restricted  to  the  later  events  in  the  history  of  an  organisation, 
are,  by  Comparative  Anatomy,  put  in  connection  with  the  known 
phasnomena  of  other  organisms,  and  are  thereby  rendered  explicable 
phylogenetically.  The  necessity  of  an  exact  knowledge  of  Compara- 
tive Anatomy  for  Ontogeny  is  sufficiently  obvious.  Just  as  little 
can  the  former  separate  itself  from  the  latter ;  since  from  Ontogeny 
Comparative  Anatomy  gains  an  insight  into  the  lower  stages  of 
organisation.  To  the  same  extent,  and  in  the  same  way  as  On- 
togeny helps  to  form  the  basis  of  Phylogeny,  does  it  render 
indispensable  service  to  Comparative  Anatomy. 

A  "Comparative  Embryology^'  has  sometimes  been  put  in 
contrast  with  Comparative  Anatomy ;  of  course  merely  as  a  theo- 
retical division  of  the  scope  of  study.  A  "comparative"  Ontogeny 
of  this  kind  must,  just  as  much  as  every  individual  ontogeny, 
have  regard  to  the  organisation  of  the  fully-developed  stage;  and, 
in  fact,  without  Comparative  Anatomy  it  cannot  lead  to  any 
scientific  results. 

§  8. 

The  relations  of  every  organism  to  the  outer  world  in  which  it 
hves,  from  which  it  obtains  material,  and  to  which  again  it  gives  it 
up,  cause  the  outer  world  to  have  an  influence  on  the  organism. 
This  influence  is  prcustically  seen  in  the  changes  of  the  organism, 
which  depend  further  on  a  Variability  which  is  inherent  in  it. 

Variability  comes  under  our  observation  as  the  capacity  for 
adaptation,  and  in  effect  operates  as  a  modifying  and  even  metamor- 
phosing agent  upon  the  inherited  organisation. 

The  organism  is  altered  according  to  the  conditions  which  in- 
fluence it.  The  consequent  Adaptations  are  to  be  regarded  as 
gradual,  but  steadily  progressive,  changes  in  the  organisation,  which 
are  striven  after  during  the  individual  life  of  the  organism,  pre- 
served by  transmission  in  a  series  of  generations,  and  further  deve- 
loped by  means  of  natural  selection.  What  has  been  gained  by  the 
ancestor  becomes  the  heritage  of  the  descendant.  Adaptation  and 
Transmission  are  thus  alternately  effective,  the  former  representing 
the  modifying,  the  latter  the  conservative  principle.  The  endless 
variation  of  the  phenomena  of  organisation  is,  we  see,  consequently 
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due  to  Adaptation,  just  as  we  have  seen  that  similarity  is  due  to 
Transmission. 

§  9. 

Adaptation  is  commenced  by  a  change  in  the  function  of  organs,  so 
that  the  physiological  relations  of  organs  play  the  most  important 
part  in  it.  Since  adaptation  is  merely  the  material  expression  of 
this  change  of  function,  the  modification  of  the  function  as  much  as 
its  expression  is  to  be  regarded  as  a  gradual  process.  As  a  rule, 
therefore.  Adaptation  can  be  perceived  by  its  results  only  in  a  long 
series  of  generations,  while  transmission  can  be  recognised  in  every 
generation.  Although  Adaptation  as  a  process  cannot  be  directly 
observed,  it  is  nevertheless  possible  to  infer  it  with  certainty  by 
comparison.  When,  for  example,  we  find  a  simple  structure  of  the 
stomach  in  the  Carnivorous  Mammalia,  and,  on  the  other  hand,  a 
more  complicated  one  in  the  Herbivora,  and  especially  in  those 
which  take  in  large  quantities  of  food,  as,  for  example,  the  Eumi- 
nantia,  we  are  entitled  to  consider  the  complication  in  the  structure 
of  these  stomachs  as  a  change  caused  by  the  food — as  an  Adaptation 
to  the  mode  of  nutrition ;  and  when,  further,  the  ontogeny  of  the 
Ruminantia  shows  us  a  form  of  stomach  which  is  simple  in  the  early 
stages  of  development,  and  is  gradually  converted  into  the  more 
complicated  condition,  ontogeny  confirms  the  supposition  we  have 
already  gained  by  comparison.  In  many  cases  the  infiuence  of 
Adaptation  on  the  organisation  can  be  observed  also  directly ;  as,  for 
example,  in  many  Amphibia,  where  the  branchiaa  which  are  de- 
veloped during  the  larval  stage  are  retained  in  function  for  an 
extended  period,  if  the  opportunity  of  escaping  from  the  water  does 
not  arrive ;  and  in  others,  again,  where  the  branchias  undergo 
atrophy,  as  soon  as  their  aquatic  life  has  been  exchanged  for  one  on 
land,  although  their  nearest  aUies  live  in  the  water,  and  always 
retain  the  branchiae.  In  the  one  case  we  see  development,  and  in 
the  other  atrophy,  as  phsenomena  resulting  from  Adaptation. 

In  Adaptation,  the  closest  connection  between  the  function  and 
the  structure  of  an  organ  is  thus  indicated.  Physiological  functions 
govern,  in  a  certain  sense,  structure ;  and  so  far  what  is  morpho- 
logical ia  subordinated  to  what  is  physiological.  This  dependence 
of  the  form  of  an  organ  on  its  activity  is  seen  in  the  most  elementary 
way  in  the  matter  of  size.  When  the  function  is  increased,  there  ia 
an  increase  in  the  size  of  the  organ.  The  muscular  system  shows 
to  what  extent  increase  of  activity  affects  size.  Without  exercise 
the  muscles  undergo  degeneration,  till  they  completely  disappear. 
If  they  are  kept  in  exercise,  and  if  the  demands  on  them  are 
increased,  they  develop  to   a   considerable  size.     The  amount  of 
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development  is  in  the  closest  connection  with  the  amoant  of  activity. 
But  siuce,  when  a  function  ceases  or  diminishes,  atrophy  commences, 
we  obtain,  as  a  result  of  the  process,  rudimentary  organs.  They 
owe  their  origin  to  atrophy.  Physiology  alone,  then,  can  give  us  the 
explanation  of  the  origin  of  these  organs ;  and  thus  again  we  are 
led  to  observe  the  great  influence  which  it  exerts  on  the  study  of 
Morphology. 

§  10. 

An  organ  can  be  so  much  changed  by  the  gradual  modification 
of  its  function  that  it  becomes,  from  the  physiological  point  of  view, 
a  new  one,  and  is  then  placed  in  quite  another  physiological  category 
of  organs.  This  fact  is  of  considerable  importance,  for  it  helps  to 
explain  the  appearance  of  new  organs,  and  obviates  the  difficulty 
raised  by  the  doctrine  of  evolution — ^viz.  that  a  new  organ  cannot  at 
once  appear  with  its  function  completely  developed;  that  it  there- 
fore cannot  serve  the  organism  in  its  first  stages  whilst  it  is  gradually 
appearing ;  and  that  consequently  the  cause  for  its  development  can 
never  come  into  operation.  Every  organ  for  which  this  objection  has 
the  appearance  of  justice  can  be  shown  to  have  made  its  first  ap- 
pearance with  a  significance  differing  from  its  later  function.  Thus, 
for  example,  the  lungs  of  the  Vertebrata  did  not  arise  simply  as  a 
respiratory  organ,  but  had  a  predecessor  among  fishes  breathing  by 
gills,  in  the  swim-bladder,  which  at  first  had  no  relation  to  respiration. 
Even  where  the  lungs  first  assume  the  functions  of  a  respiratory 
organ  (Dipnoi,  many  Amphibia)  they  are  not  the  sole  organ  of 
the  kind,  but  share  this  function  with  the  gills.  The  organ  is  there- 
fore here  caught,  as  it  were,  in  the  stage  of  conversion  into  a 
respiratory  organ,  and  connects  the  exclusively  respiratory  lungs 
with  the  swim-bladder,  which  arose  as  an  outgrowth  of  the  enteric 
tube  and  was  adapted  to  a  hydrostatic  function. 

The  earlier  function  of  an  organ  which  by  adaptation  is  converted 
to  new  uses  is  generally  a  lower  one,  and  less  important  for  the 
organism,  in  comparison  with  the  new  function  which  is  taken  on, 
so  that  the  organ  thus  rises  to  a  higher  grade.  In  other  cases  the 
value  of  the  primary  function  is  less,  because  it  is  shared  by  other 
similar  organs.  It  is  then  quantitatively  lower,  for  a  share  is  taken 
by  the  other  similar  organs  in  discharging  the  total  amount  of  the 
function  necessary  for  the  full  activity  of  the  organism.  The 
atrophy  of  some  of  the  organs  which  are  of  equal  value  raises  the 
value  of  those  that  remain  by  causing  their  higher  development. 
To  these  facts,  as  to  their  change  of  functions,  the  difference  in  the 
classification  of  organs,  accordingly  as  we  make  use  of  a  physio- 
logical or  a  morphological  method,  is  due. 
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Structure  of  the  Animal  Body. 

The  Organs  and  the  Organism. 

§11. 

In  the  living  body  we  observe  a  number  of  activities  of  its 
material  substratum,  by  wluch  the  series  of  phaDuomena  spoken  of  as 
life  are  conditioned.  Underlying  these,  there  are  chemico-physical 
processes,  which  are  accompanied  by  a  continual  degradation  of  the 
material,  and  consequent  metastasis,  or  change  in  the  arrangement 
of  chemical  elements.  The  body  nourishes  itself  by  replacing  the 
material  used  up  in  metastasis  by  fresh  matter,  which  is  received 
from  without;  and  this  it  assimilates,  or  makes  like  to  the  substances 
of  which  it  is  itself  composed.  The  substances,  partly  taken  in  with 
the  nutrient  matter,  partly  produced  by  metastasis,  which  are  of  no 
further  use  in  the  organism,  are  passed  out.  Hence  results  the 
excretory  function.  If  the  quantity  of  matter  assimilated  is  greater 
than  that  which  is  expelled,  there  is  an  increase  in  the  size  of  the 
body:  it  grows.  Thus  it  fulfils  the  first  condition  for  the  production 
of  that  material  from  which  a  new  organism,  like  to  itself,  arises  : 
and  so  reproduction  is  closely  connected  with  nutrition. 

The  body  is,  in  the  first  place,  in  relation  to  the  exterior  by  its 
surface ;  this  puts  it  in  connection  with  the  surrounding  medium. 
Changes  in  the  form  of  the  surface  of  the  body  result  in  movements, 
and  give  rise  to  locomotion.  The  surface  also  is  the  medium  by 
which  it  perceives  the  outer  world,  or  has  sensations. 

The  parts  of  the  body  which  preside  over  these  processes  are  the 
instruments  by  which  life  is  carried  on — organs.  In  virtue  of 
their  existence  the  body  is  an  organism,  and  when  we  also  include 
under  the  term  "  organisms  *'  certain  bodies  in  which  no  organs  can 
be  individually  separated,  it  is  because  the  virtual  existence  of 
organs  in  them  is  to  be  assumed  from  the  mere  fact  that  life  is 
carried  on  in  them.  The  term  ^^  organism  "  is  therefore  employed 
in  this  instance,  not  in  an  anatomical,  but  in  a  physiological  sense. 
In  the  simplest  condition  of  the  organism,  the  vital  phsenomena 
take  place  in  the  homogeneous  substance  which  forms  the  body, 
and  which  is  the  seat  of  all  these  processes  equally.    The  body 
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in  this  case  represents,  potentially,  a  collection  of  organs,  which 
only  appear,  in  fact,  when  the  different  functions  are  no  longer 
performed  by  every  part  of  the  body.  The  condition  which  the 
lower  organisms  permanently  exhibit  in  regard  to  this  matter  is 
possessed  for  a  short  time  only  by  the  more  complicated. 

Differentiation, 
§  12. 

The  complication  of  the  organism  arises  from  a  process  of 
division  which  transfers  to  separate  parts  the  physiological  acti- 
vities of  the  primitively  homogeneous  body.  What  was  previously 
accomplished  by  the  whole  body,  is,  subsequently  to  that  process, 
carried  out  by  particular  portions.  The  work  is  then  done  either  by 
a  large  number  of  parts,  which  are  distinct  from  but  similar  to  one 
another,  or  the  separate  parts  acquire  dissimilar  shapes,  and  become 
different  from  one  another.  In  the  first  case  the  division  of  labour 
is  quantitative,  in  the  latter  it  is  qualitative,  and  the  separation 
of  the  different  parts  is  in  correspondence  with  a  difference  in  func- 
tion. According  to  the  degree  in  which  the  separation  or  division 
originally  set  up  in  the  primitively  indifferent  body  is  repeated  in  the 
organs  derived  from  it,  further  complications  arise,  which  present 
for  our  observation  a  step-by-step  progression  in  development. 
Hence  there  arises  a  difference  in  the  value  of  the  organs,  and  it 
becomes  necessary  to  distinguish  their  higher  and  lower  conditions. 

The  distribution  of  work  amongst  a  number  of  different  oi^ns 
leads  to  the  perfecting  of  the  operations  of  such  organs.  Each 
organ  is  enabled  to  develop  in  a  definite  direction,  in  correspond- 
ence with  the  particular  function  which  is  undertaken  by  it.  The 
organism  thus  becomes  more  highly  developed,  as  well  as  com- 
plicated. Division  of  labour  leads  to  a  perfecting  of  the  whole 
organism.  According  as  the  division  of  labour  involves  only  a 
few  or  many  organs,  a  greater  or  less  part  of  the  organism  is 
brought  under  the  operation  of  this  perfecting  influence.  The 
greater  the  importance,  for  the  whole  organism,  of  the  organs 
affected,  the  more  considerable  is  the  perfecting  accomplished  in 
it  through  their  modification.  The  functions  which  attach  them- 
selves to  definite  parts  of  the  body  bring  about  a  difference  in  the 
development  of  those  parts  proportionate  to  their  own  difference ;  and 
thus  it  is  that  new  parts  and  new  organs  arise,  which  are  different 
from  those  already  existing.  The  division  of  functions  leads  to  the 
establishment  of  a  difference,  that  is  to  a  differentiation,  of  the 
parts.  A  part  of  the  body  which  was  formerly  like  the  rest,  and  con- 
sequently not  different  from  it — ^that  is  was  indifferent — passes  into 
the  condition  of  being  separate,  becomes  distinguishable,  or  different 
from  the  rest.  And  as  this  differentiation  is  connected  with  the 
division  of  labour,  inasmuch  as  it  is  conditioned  by  it,  it  may  be 
regarded  as  the  product  of  it.  Every  physiological  function  can  be 
again  divided  qualitatively  into  various  sub-functions,  by  the  locali- 
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sation  of  wMcli  freali  organs  again  arise.  Thus  the  principle  of  the 
division  of  labour  is  the  cause  of  very  great  variation  in  the  organi- 
sation^ and  all  morphological  phsenomena  are  more  or  less  closely 
connected  with  it^  and  with  the  differentiation  which  is  due  to  it. 


First  Stage  of  the  Animal  Organism. 

The  CeU. 

§  13. 

Living  matter  appears  in  its  simplest  form  as  an  albuminous  sub- 
stance, known  as  Plasma,  or  Protoplasm,  which,  by  the  aid  of  our 
? resent  optical  instruments,  seems  to  be  homogeneous  throughout, 
'his  substance  occurs  iu  the  form  of  small  lumps,  in  which  condition 
we  find  the  simplest  organisms.  In  those  simplest  forms,  where  the 
protoplasm  is  homogeneous,  and  in  which  only  a  few  granules  at 
most  are  present  as  heterogeneous  elements,  there  is  no  limitation  of 
the  lump  to  the  exterior  by  distinct  enveloping  structures ;  but  in 
organisms  of  little  higher  grade  we  find  an  envelope  produced  by  a 
chemico-physical  change  in  the  most  external  layer  of  the  proto- 
plasm. Thus  the  protoplasm,  which  is  endowed  with  all  the 
phffinomena  of  life,  and  even  of  movement,  is  enclosed  by  a  more  or 
less  firm  envelope,  which  forbids  alterations  in  form,  and  is  the 
cause  of  a  definite  shape  being  maintained.  Such  structures  may 
be  combined  to  form  complex  organisms,  as  is  the  case  in  many  of 
the  lower  plants.  This  kind  of  form-element,  or  morphological 
unit,  is  known  as  the  cy  tod,  and  is  rightly  distinguished  from  another 
more  highly-developed  form. 

In  this  higher  form  there  arises  in  the  protoplasm  a  sharply 
marked-ofE  dense  structure,  which  is  called  the  nucleus.  It  is  the 
product  of  the  first  process  of  differentiation  of  the  protoplasm,  which 
no  longer  alone  represents  the  living  substance.  In  the  nucleus  a 
small  body,  the  nucleolus,  generally  appears.  The  nucleus,  unlike  the 
protoplasm,  is  not  contractile,  or  at  any  rate  has  not  a  large  share  of 
contractility;  but  it  not  only  takes  a  part  in  most  of  the  vital  phaeno- 
mena  of  the  surrounding  protoplasm,  but  frequently  gives  evidence 
of  being  their  regulator.  Such  corpuscles  of  protoplasm  as  are  pro- 
vided with  a  nucleus  are  called  cells  (cellulae).  These  structures, 
like  the  cytods,  may  form  independent  organisms,  which  are  then 
called  "unicellular.^'  When  the  cells  form  a  complex  by  multi- 
plication, we  have  a  multicellular  organism.  The  smallest  parts  of 
multicellular  organisms,  no  longer  separable  into  constituent  pieces 
like  to  one  another,  are  cells;  and  are  therefore  the  form-elements 
of  these  organisms.  The  same  remark  applies  to  the  cytods,  or  the 
simpler  condition.  While  these,  however,  are  rarely  present,  we  find 
cells  widely  distributed  in  the  Vegetable  Kingdom,  and  as  the  sole 
form-elements  in  the  Animal  Kingdom. 
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§  14. 


In  the  indifferent  condition,  that  is  as  long  as  changes  in  a 
definite  direction  do  not  arise,  leading  to  the  formation  or  definite 
new  structures,  the  cells  of  all  animal  organisms  appear  to  have 
essentially  the  same  character.  In  them  we  distinguish  according 
to  what  has  been  remarked  above :  first,  the  protoplasm,  which 
forms  the  principal  mass  of  the  body  of  the  cell ;  and  secondly,  the 
cell-nucleus,  surrounded  by,  and  different  from,  the  protoplasm,  than 
which  it  is  usually  more  dense.  The  share  which  this  nucleus  takes 
in  many  varied  phaDuomena  of  the  life  of  the  cell,  compels  us  to 
regard  it  as  by  no  means  a  subordinate  part  of  the  cell-body.  In 
addition  to  these  parts  of  the  cell,  some  persons  recognise  (formerly 
everyone  did  so)  a  membrane  which  differs  from  the  protoplasm  or 
contents  of  the  cell,  and  envelopes  it :  from  its  presence  arose  the 
notion  of  the  "  vesicular  form  *'  of  the  cell  and  its  name. 

Although  it  cannot  be  denied  that  in  many  cells  there  are 
envelopes  differentiated  from  the  protoplasm,  yet  this  condition  is 
never  found  in  the  earliest  life  of  the  cell,  but  is  always  the  re- 
sult of  an  advanced  change,  and  of  the  passage  of  the  cell  into  a 
differentiated  form. 

Automatic  movements  of  the  protoplasm  of  the  cell  are 
such  common  manifestations  of  their  life,  that  they  are  always 
definitely  apparent  as  a  property  of  all  cells  which  are  not  higUy 
differentiated,  that  is  of  cells  in  which  the  protoplasm  is  not  meta- 
morphosed. In  free  cells,  and  such  as  are  not  enveloped  by  firm 
membranes,  this  phaenomenon  of  movement  produces  locomotion. 
Even  in  cells  that  are  not  free  movement  may  be  observed,  consisting 
partly  in  a  change  in  the  form  of  the  surface,  partly  in  a  change 
in  the  position  of  the  granules  in  the  protoplasm.  That  there  are 
also  properties  resident  in  protoplasm  which  we  may  attribute  to 
sensibility  of  a  very  low  grade  results  from  many  experiments 
and  observations. 

We  may  further  observe  nutrition  in  the  cell.  At  times,  indeed, 
we  can  see  the  protoplasm  ingesting  food;  in  all  cases  the  growth 
of  the  cell  is  an  express  indication  of  its  nutrition.  This  phasno- 
menon  of  growth,  which  may  be  seen  in  any  indifferent  cell,  is 
expressed  by  the  increase  in  size  of  the  protoplasmic  body,  owing  to 
the  assimilation  of  matter  from  without.  The  growth  of  the  cell 
may  be  quite  regular,  increase  in  size  obtaining  in  all  directions,  as 
is  the  case  with  all  cells  in  their  earliest  stages ;  as  long  as  this 
lasts  the  cell  completely  retains  its  spherical  form,  unless  its  move- 
ments or  external  influences  modify  it.  Or  growth  may  be  unequal, 
and  the  cell  become  elongated  by  increase  in  size  along  one  axis ; 
or,  again,  it  may  become  stellate  by  growing  along  several  axes. 
Irregular  increase  of  this  kind  is  ordinarily  accompanied  by  differen- 
tiation of  the  cell-substance,  and  is  therefore  the  commencement  of 
the  conversion  of  the  cells  into  tissue. 
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§  15. 

Another  phaenomenoii — that  of  rep  roducti  on — is  a  result  of^  and 
IS  indissolublj  connected  with^  the  growth  of  the  coll;  for  muhi- 
plication  is  merely  the  extension  of  growth  beyond  the  limits  of  indi- 
vidual cohesion.  There  are  various  modes  of  cell-multiplication ; 
the  simplest  of  these  is  a  direct  result  of  growth,  A  bud  is  formed 
by  the  cell-body  growing  out  on  one  side.  This  gradually  increases 
in  size,  and  breaks  off  from  the  mother-C€*ll,  when  it  becomes  a  new 
free  celL  The  number  of  young  cells  which  are  budded  off  from 
a  single  cell  is  not  always  the  same,  a!so  the  part  taken  by  the 
nucleus  of  the  mother-cell  in  the  process,  varies.  This  mode  of 
multiplication  by  gemmation  passes  imperceptibly  into  the  mora 
common  mode  of  multiplication  by  fission.  Gemmation  is  charac- 
terised by  the  difference  in  size  which  obtains  at  first  between 
the  cells  that  are  formed  and  their  mother-cell.  If  they  break 
off  at  once  they  do  not  nearly  equal  it  in  size ;  if  they  delay  their 
separation  from  the  mother-cell  they  gradually  get  to  equal  it, 
and  then  the  products  of  division  are  almost  or  altogether  equal  to 
one  another,  so  that  there  is  no  possibility  of  distinguishing  mother 
from  daughter.  It  is  evident  that  in  proportion  to  the  extent  to 
which  the  products  of  division  differ  from  one  another  in  size, 
does  division  become  more  and  more  like  gemmation;  the  whole 
difference  therefore  between  fission  and  gemmation  lies  in  the 
amoant  of  protoplasm  which  is  given  over  by  the  parent-cell  to  the 
one  which  arises  from  it.  The  difference  is  a  quantitative  one 
merely.  Division  commences  by  an  enlargement  of  the  nucleus ;  in 
some  cases  by  a  formation  of  fresh  nuclei. 

No  form  of  reproduction  other  than  multiplicatioti  by  fission  or 
by  gemmation  has  been  certainly  observed  in  the  animal-cell;  a 
large  number  of  the  modes  of  cell-multiplication,  which  have  been 
stated  to  obtain,  such  as  the  so-called  endogenous  cell-formation  and 
similar  processes,  are  merely  forms  of  fission.  As  to  free  or  spon- 
taneous cell -formation,  so  much  at  least  is  certain,  that  it  is  not  as 
common  as  was  once  supposed. 

When  the  nucleus  divides  and  the  cell  goes  on  growing  without 
the  protoplasm  becoming  marked  off  into  separate  portions  corre- 
sponding to  the  nuclei,  the  structure  which  is  formed  cannot  be 
any  longer  regarded  as  a  single  cell.  But  it  is  not  a  compound 
of  cells  either,  for  this  would  presuppose  the  existence  of  a  number 
of  separate  cells.  This  condition  has  therefore  been  very  rightly 
regarded  as  a  special  one,  and  called  a  Syncytium.  Structures 
of  this  kind  are  found  in  nearly  all  groups  of  animals.  The  same 
result  is  obtained  by  the  Concrescence  of  a  number  of  separate 
cells,  the  protoplasm  of  which  runs  together  into  a  continuous 
mass,  in  which  there  are  of  course  a  number  of  nuclei. 

While  the  protoplasm  in  the  above-mentioned  series  of  phseno* 
mena  undergoes  no  perceptible  changes  in  constitution^  a  change 
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in  tte  protoplasm  is  essential  to  another  kind  of  phfenomena,  to 
wMch  we  now  pass,  Tho  subsfaBces  contained  in  the  protoplasm 
become  separated  from  it,  that  is,  are  secreted  from  it.  This 
process  of  secretion  varies  in  character;  ibsoraetimes  occurs  within 
the  protoplasmic  bodjj  and  then  substances  differing  in  their  chemico- 
physical  properties  from  the  protoplasm  are  formed  within  the  cell. 
These  substances  may  be  distinguished  by  their  constitiitiou^  such  as 
fat,  colouring  matter,  and  so  on;  or  by  form,  such  as  gmnules,  drops, 
crystals.  Sometimes  secretion  affects  the  surface  of  the  protoplasm  j 
and  then  the  secreted  substance  may  be  fluid,  in  which  case  it  will 
get  separated  and  removed  from  the  protoplasm ;  or  it  may  be 
solid,  in  which  case  it  will  remain  more  or  less  intimately  connected 
to  the  rest  of  the  unaltered  protoplasm.  Substances  which  are 
different  from  the  rest  of  the  protoplasm  of  a  cell  arise  by  chemico- 
physical  changes  of  the  whole  surface,  or  of  a  part  of  it.  We 
may  regard  these  changes  in  the  protoplasm  as  differentiations, 
for  they  aro  differentiated  from  matter  which  was  preTrioualy  in 
an  indillerout  condition  within  the  protoplasm.  In  this  way  the 
structure  which  has  been  already  alluded  to  as  the  cell- membrane, 
is  formed  at  the  periphery  of  the  cell.  But  this  same  process  leads 
to  other  arrangements  also,  which  we  shall  have  to  examine  more 
closely  hereafter. 

The  series  of  vital  processes  exhibited  by  a  single  cell  essentially 
agrees  with  those  exhibited  by  any  and  every  other  organism,  so 
that  the  coll  itself  is  virtaaUy  an  organism  (Elementary  organism)* 


Differentiation  of  the  Animal  Organism. 

§  16, 

The  simplest  and  lowest  stage  of  the  animal  organism  is  repre* 
Bented  by  the  earliest  stage  of  its  development,  iu  which  it  is 
known  as  the  egg.  Except  in  some  exceptional  cases^  which  only 
prove  the  rule,  and  which  need  not  be  mentioned  here,  this  egg 
is  nothing  more  nor  less  than  a  cell.  The 
egg- cell  does  not  differ  from  other  cells  in 
any  essential  points;  it  may  increase  iu 
size,  and  special  particles— yolk  granules- 
may  appear  in  its  protoplasm.  Although  the 
pi'osence  of  these  latter  alters  the  character  ■ 
of  egg-cells  as  indifferent  cells,  yet  it  f 
does  not  destroy  their  character  as  colls, 
which  is  just  as  little  affected  by  this  as  in 
Fig.   1       -^^  -        •  •■     -        -       --^  ■    '         '  -  '       ' 

(Germinal vesici e).  cNu-     granules,  starch,  pigment  granules,  &c.     This 
clooius  (GermiiiBd  ipot).     condition  of  the  egg-cell,  which  on  the  whole 
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is  a  simple  one,  agrees  in  characteri  although  it  may  be  for  a  time 
only,  with  many  lower  unicellular  organisms  (Protoplasta). 

The  egg-cell  undergoes  chaBges,  which  ordinarily  commeuc© 
after  impregnation,  and  which  are  accompanied  by  changes  in  the 
nocleus  (the  so-called  germinal  yesicle).  In  its  place,  and  in  part 
from    the  material  which  formed   it,  two  new   nuclei  arise,   and 


FigB.  2-6.    VarioQB  atagea  of  the  io-oalled  dearage  process  (Diviaion  of  the  egg). 

the  egg-cell  now  begins  to  divide.  Two  cells  thus  arisej  which 
are  either  like  one  another,  or  difEer  from  one  another,  in 
size  or  in  constitntion.  In  both  cases  something  fresh  has  arisen 
from  the  egg-cell,  and  in  both  there  is  a  differentiationj  fur 
two  parts  have  arisen  from  it.  Four,  eighty  sixteen  cells,  and 
BO  on,  are  formed  by  continued  division,  although  of  course 
not  always  quite  regularly,  until  at  last  a  number  of  cells  are 
formed.     This  process  ol  the  division  of  the  egg-cell  is  known  as 

fthe  ^^segmentation  of  the  yolk,^^  and  is  a  constant  phsonomenonj 
although  it  may  present  various  modifications,  which  are  alwaya 
due  to  adaptation,  and  which  may  be  so  explained. 

This  is  the  first  course  of  differentiation  in  the  organism  ;  in 
place  of  a  single  cell,  a  number  of  cells,  similar  to^  or  different  fi*om 
one  another,  arise.  The  functions  of  the  organism,  which  were 
all  performed  previously  by  the  egg-cell,  are  now  performed  by 
the  separate  cells.  The  division  of  the  egg-cell  must  therefore  bo 
considered  as  leading  to  a  division  of  its  functions,  although 
indeed  this  division  is  merely  a  quant itativo  one. 

The  various  stages  of  this  process  of  division  have  other  relations 
also,  for  they  appear  to  agree  in  character  with  tlie  mature  stage 
of  many  lower  organisms  (Protista) ,  as  for  example  the  Volvocinet© 
and  CataUacta,  in  the  developmental  history  of  which  there  is  at  one 
time  an  organism  composed  of  a  number  of  equi-formal  cells.  The 
animal  organism,  thereforep  even  in  the  commencement  of 
its  ontogeny,  passes  through  several  morphological  stages, 
which  are  permanent  among  the  Protista,  and  tlie  process 
of  segmentation  of  the  ovum  may  be  explained  as  a  sur- 
vival transmitted  from  early  ancestors.  Accordingly  the 
teleological  halo,  with  which  it  would  necessarily  be  sur- 
rounded, were  we  limited  to  seeking  its  explanation  exclusively 
in  connection  with  the  future  organism  which  is  to  arise  from 
this  segmentation,  is  cleared  away.  The  organism  does  not,  how- 
ever, get  a   specifically  animal   character  from  this  formation  of 
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a  number  of  cells ;  that  character  first  makes  its  appearance  in  the 
courB©  of  further  processes  of  differentiation. 

These  processes  of  differentiation  consist  in  the  more  or  less 
similar  morphological  elements  (cells)  which  represent  the  organiBm^ 
acquiring,  in  larger  or  smaller  groups,  distinct  characters :  in  their 
being  differentiated^  and  formiug  the  rudiments  (first  stages)  of 
organs,  by  taking  a  defiuite  order  and  arrangement  These  organs 
then  are  made  np  of  cells,  which  form  their  tissues.  We  thus 
arrive  at  the  essence  of  the  architecture  of  organisms  ;  we  hare 
tissues,  which  make  up  organs,  and  are  themselves  composed  of 
form- elements— the  cells. 


Origin  of  the  Tissues. 
§17. 

The  cell,  then,  in  those  organisms  which  we  regard  as  animals^ 
constitutes  the  whole  of  the  organism  only  for  a  time ;  that  is,  so 
long  as  it  is  an  egg-celL  By  division  a  multitade  of  cells  is  formed 
out  of  the  egg-cell,  and  these  form  the  rudiments  of  the  animaL  In 
later  stages  a  part  only  of  the  material  formed  from  the  ovnm 
retains  the  primitive  character  of  the  cells ;  the  form  and  substance  of 
most  of  the  cells  are  altered,  and  therefore  their  physiological 
properties  are  altered ;  that  is,  new  relations  are  established.  The 
new  cell-complexes  formed  from  aggregates  of  similarly  altered 
cells,  and  their  derivatives,  are  the  tissues.  The  process  which  leads 
to  the  formation  of  these  tissues  is  essentially  a  differentiation, 
Thisj  again,  affords  us  an  example  of  division  of  labour,  for  each 
differentiated  aggregate  of  cells  has  to  perform  a  definite  function 
for  the  organism,  which  function  was  not  the  duty  of  a  definite  set 
of  cells  when  the  cells  were  indiffereut,  and  indeed  were  performed 
in  common  with  all  others  by  one  cell  only  (the  egg-cell),  in  the 
earliest  condition  of  the  individual  organism. 

In  all  cases  histological  differentiation  commences  in  the  proto- 
plasm of  the  primitive  cell ;  the  nucleus  is  less  strikingly  affected, 
but  numerous  changes  may  be  seen  to  occur  in  it.  When  the  chief 
part  is  played  by  a  substance  differentiated  from  the  protoplasm,  the 
nucleus  becomes  of  but  slight  importance*  According  to  the 
characters  of  their  form-elements  the  tissues  are  divided  into  several 
large  groups:  these  I  call  Epithelial  tissues,  tisanes  of  the 
Connective  Substance,  Muscular  and  Nervous  tissue.  The 
first  two  form  a  lower  group,  which,  as  Vegetative  tissues  we  may 
distinguish  from  the  other  two,  which  are  the  Animal  tissues. 
The  difference  bet^'een  the  two  groups  lies  in  the  quality  of  their 
differentiation  ;  the  products  of  the  differentiation  of  the  former 
having  a  more  passive  relation  to  the  organism,  while  the  products 
of  the  differentiation  of  the  latter  exhibit  an  independent  activity  in 
the  carrying  on  of  the  life  of  the  organism.  The  vegetative  group, 
or  tissues  analogoiis  to  them^  are,  moreover,  most  widely  distributed  in 
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tiie  Vegetable  Kingdom  ;  whilst  in  that  kingdom  the  animal  tissiiG9j 
which  are  the  source  of  the  arrangements  characteristic  of  aBimals, 
are  wanting.  All  other  tissues,  though  often  distinguished  by  name, 
are  either  not  independent  tissues  at  allj  bat  only  much  more 
complicated  structores  formed  of  ayarioty  of  tissuesj  or  are  forma  of 
tissue  which  should  be  ranged  under  one  of  the  above-mentioned 
categories,  or  may  be  merely  component  parts  of  the  tissues  already 
named*  We  overlook  the  true  conception  of  what  a  tissue  is  if  we  call 
structures  which  are  made  up  of  several  tissues  ^^  compound  tissues," 


A.    Vegetative  Tissues. 

Epithelium. 
§  18. 

Cells  placed  side  by  side,  and  forming  one  or  more  layers  which 
invest  the  surface  of  the  body  or  the  walls  of  internal  spaces,  aro 
called  epithelial.  Epithelial  tissue,  then,  consists  simply  of  cells. 
It  is  distinguished  from  other  tissues  by  the  fact  that  the  cells,  at 
least  80  far  as  their  arrangement  is  concerned,  retain  their  primitive 
characters.  Epithelium  represents  phylogenetically,  and  therefore, 
also,  ontogenetically,  the  oldest  form  of  tissue.  The  germinal 
layers  which  are  the  earliest  organological  products  of  the  differ- 
entiation of  the  masses  of  cells  which  arise  from  the  segmentation 
of  the  egg-cell,  are  layers  of  epithelial  cells.  Epithelial  cells  vary 
greatly  in  form,  and  are  the  starting-point  of  various 
organs.  The  protoplasm  of  epithelial  cells  very  often 
loses  its  homogeneous  character,  owing  to  the  differen- 
tiation of  its  outermost  layer  into  a  thickened  membrane. 
In  stratified  epithelium  this  is  best  seen  in  the  ^superficial 
layers,  the  absence  of  a  membrane  in  the  cells  of  the 
deeper  layers  being  an  indication  of  their  younger  con- 
dition. 

Another  differentiation  is  the  development  by  the 
superficial  layer  of  cells  on  the  surface  exposed  to  the  ex- 
terior, or  lining  an  internal  cavity  of  the  body,  of  fine  pro- 
cesses, which  are  capable  of  movement ;  these  processes, 
which  vibrate  during  the  life  of  the  cell,  are  known  as 
cilia.  The  hairs  on  these  ciliated  cells  are  sometimes 
in  the  form  of  a  single  flagellum,  or  occur  in  a  group 
of  many  as  cilia.  In  the  former  case  the  cell  runs  out 
into  a  fine  process,  and  forms  a  flagellate  cell;  those 
are  most  common  in  the  lower  animals.  Cilia  are  *shown 
to  be  differentiated  products,  since  their  movements  are 
not  simply  effected  by  the  contractility  which  is  already 
inherent  in  the  protoplasm.  In  many  of  the  lower  or- 
ganisms cilia  are  formed  for  a  time  and  are  again  drawn  in  and 
their  substance  fused  with  the  protoplasm.     This  shows  that  they 
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are  differentiations  of  the  protoplasm,  and  tliat  their  movemente  are 
due  to  the  same  cause  as  the  movements  of  the  protoplasm.  This 
indication  of  their  identity  with  protoplasm  cannot  be  seen  in  the 
more  difforentiatod  forma  of  cilia. 

Another  differentiation  may  be  seen  on  the  outer  surfaces  of 
many  epithelial  cells,  A  membranej  instead  of  being  formed  by  a 
change  of  the  whole  periphery  of  the  saperficial  layer  of  protoplasm, 
may  be  formed  on  a  definite  portion  of  it  only  :  in  this  case  it  is  more 
highly  developed,  and  may  lead  to  a  partial  thickening  of  the  outer- 
most layer  of  protoplasm.  In  short,  a  layer  of  valuing  thickness 
of  a  substance  different  from,  but  as  a  rule  still  connected  with, 
the  protophism,  forms  oo  the  outer  face  of  each  cell*  Homogeneous 
membranes^cuticles^are  formed  by  the  further  differentiation  of 
the  substance  thug  secreted  in  a  layer  from  the  protoplasm  of  the  cells  | 
that  is  by  the  part  formed  from  each  cell  becoming  more  intimately 
connected  mth  the  layers  formed  by  the  cells  around  it  than  with 
its  ow^n  cell.  Wliere  these  layers  are  laid  down  irregularly  and 
gradually  undergo  other  changes,  by  means  of  which  each  fresh 
addition  can  be  distinguished  from  the  preceding  one,  they  become 
laminated.  The  more  the  substance  of  which  these  cnticolar  struc- 
tures are  composed  differs  from  the  protoplasm  of  the  cells  which 
have  deposited  it,  the  more  difficult  is  it  to  make  out  any  passage  of 
the  protoplasm  into  it,  and  tho  more  distinctly  is  the  formation  of 
cuticles  seen  to  be  a  process  of  secretion.  When  the  cuticle  is  not 
formed  regularly  on  the  surface  of  the  separate  cellSj  protoplasmic 
processes  project  from  the  secreting  cell-layer  into  the  secreted  layer, 
which  are  then  tniveraed  by  corresponding  canals  (pore- canals) : 
these  are  ordinarily  very  fiue.  These  cuticles  differ  greatly  in  con- 
sistency, and  present  every  intermediate  step  between  softness  and 
extreme  hardness*  They  are  often  converted  into  organs  of  support, 
when  they  are  very  firm ;  in  which  case  they  ordinarily  consist 
of  a  substance  known  as  "  chitin."  These  chitinised  cuticles 
very  common  in  the  Invertebrata* 
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§  19. 
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The  secreting  activity  of  the  cells  of  large  epithelial  layers  may 
give  rise  to  liquid,  or  even  to  gaseous  bodies*  The  epithelia  there- 
upon enter  into  new  relations  to  the  economy  of  the  organism;  they 
no  longer  produce  substances  destined  to  buOd  up  the  organism, 
but  they  present  an  intermediate  step  to%Tarda  that  condition  of 
epithelial  structures  in  which  parts  of  the  epithelium  enter  into  the 
formation  of  a  tissue  of  definite  function — glandular  tissue,  Afi 
there  is  always  a  direct  connection  between  the  aggregation  of 
cells  which  form  the  secreting  organs,  or  glands,  and  the  epithehumj 
which  either  persists  permanently,  as  in  the  majority  of  glands,  or 
which  is  at  any  rate  present  when  they  are  first  formed,  thig 
glandular  tissue  is  seen  to  be  nothing  more   than  a  modifi- 
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cation  of  the  epithelial  tissue,  duo  to  its  differentiation. 
Like  itj  glandular  tissue  always  coneiBts  of  cells,     lu  the  simplest 
stage  individual  cells  in  a  layer  of  epithelium  become  secreting-cells, 
and  fanction  as  gland-cells,  by  forming  and  secreting  a  substance 
Buch  as  is  not  produced  by  the  other  cells.      In  this  way  uni- 
cellular glands  arise.     They  either  retain  their 
original  position  between  the  other   cells  of  the 
layer  or  sink  beneath  the  level  of  the  epithelium, 
and  open  between  the  other  cells  by  a  fine  duct 
formed   by  the  membrane  of  the   cell   (Fig*   7). 
If  the  secreting  sni^ace  be  increased  without  the 
general   epithclinm   taking   any   share   in  it,  the 
sunken  epithelium  must  increase  in  size^  and  so 
give  rise  to  structures  which   are  more  or  less 
separated  off  from  the   epithelium^  such  as  pits, 
sacculi,  or  caBcal  tubes ;  and  these  may  be  again 
complicated  by  fresh  growths.     The  tissue  lying 
beneath  the  primitive  epithelial  layer  forms  en- 
velopes for  these  pits  as  they  grow ;  but  it  con- 
tinues to  have  the  same  relation  to  them,  however 
complicated  in  form  the  ramifications  and  similar 
proliferations  of  the  epithelium  may  be,  aa  it  pre- 
viously had  to  the  simple  even  layer  of  epithelium* 
Thus  the  gland  in  its  simplest  form  appears 
as  a  depression  of  the  epithelium  into  the  sub- 
jacent tissue.   In  the  more  distinct  forms  of  glands    ^^*  ?'    UmcellTilar 
there  is  a  further  differentiation  of  the  cells  which    ^ijvary  gianda'^of 
form   the  gland.      The  constituent   cells  of   the    the  act  (Bfter  Stein)* 
gland  become  separated  into  those  which  secrete 
and  so  represent  true  gland-cells,  and  those  which  connect  the 
secreting  portion  of  the  gland  with  the  still  indifferent  epithelial 
layer.     These,  in  contradistinction  to  the  secreting  portion  of  the 
glandj  form  the  epithelium  of  the  duct. 


ConiiectiTe    Substances. 

§  20. 

The  phsenomenon  which  in  epithelial  tissue  leads  to  the  formation 
of  homogeneous  membranes  may^  by  being  extended  over  the  whole 
periphery  of  every  ceU  as  well  as  by  continued  repetition,  become  of 
greater  importance.  Even  in  the  epithelial  tissue  we  often  meet 
with  a  fijie  intermediate  layer,  the  cement-substance.  As  the  sub- 
stance which  is  differentiated  from  the  protoplasm  of  a  number  of 
cells  gradually  increases  between  the  cells  containing  unaltered 
protoplasm,  the  cells  become  separated  from  one  another;  and  a 
distinction  is  made  between  the  cells  which  form  and  the  inter- 
cellular substance  which  is  formed »     A  number  of  very  dilfercut 
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tissnes  present  this  common  character  in  their  more  intimate  stractare. 
They  are  called  connective  substances,  as  the  majority  of  these 
tissues  serve  to  unite  other  tissues  to  organs,  or  systems  of  organs. 

The  differences  in  these  tissues  are  due  partly  to  the  character 
of  their  cells,  partly  to  their  relations  with  the  intercellular  sub- 
stance, and  partly  to  the  chemico-physical  constitution  of  the 
intercellular  substance;  but  all  these  points  are  not  equally  well 
marked  in  every  part  of  them,  IVhikt  this  latter  circumstance 
allows  us  to  recognise  the  passage  of  one  of  these  tissues  into  the 
others,  the  fact  that  such  passages  do  periodically  take  place  under 
OUT  observation,  affords  a  more  weighty  reason  for  uniting  them 
than  the  fact  that  we  can  detect  common  characters  in  their 
structure,  although  often  hidden  by  various  differences.  The 
various  tissoes  which  belong  to  this  group  are  :  1)  cellular  con- 
nective tissue,  2)  gelatinous  tissue,  3)  fibrous  connective  tissue, 
4)  cartilaginous  tissue,  5)  osseous  tiBsue. 


§  21. 

Connective  tisane  is  divided  into  the  following  varieties: 
1)  Cellular  connective  tissue  (vesicular  connective  tissue)  is 

the  simplest  form.  It  is  formed 
of  rounded  or  elongated  cells, 
which  are  separated  by  a  small 
quantity  of  intercellular  sub- 
stance only.  There  are  often 
vacuolated  spaces  in  the  cells, 
which  ai'e  filled  with  a  fluid.  The 
intercellular  substance  often  has 
the  form  of  cell  membranes,  which 
serve  to  unite  the  juxtaposed 
cells  to  one  another,  and  ai'© 
common  to  neighbouring  cells. 
In  other  cases  again  it  is  more 
largely  present,  without  prepon- 
derating in  quantity  over  the 
cells.  The  differentiation  of  the 
protoplasm  of  the  intercellular 
substance  varies  in  degree.  This 
tissue  is  most  widely  found  in 
the  Arthropoda  and  Mollusca. 
In  the  Vertebrate  it  forms  the 
chorda  doraalis,  or  notochord. 
2)       Gelatinous         tissue 


Fig»  8*  From  the  gclatmoas  subaUnce 
of  the  {|i80  of  A  are  Ha  aurita,  troatcd 
with   iodia(?i!   eenim   (after   M.  Suholtze). 

X  500.     a  Brfttiched  fibres  in  which  no  (mucous   tissue)   is   distinguished 

oelte  can  be  made  out.      h  Cella  in   the  by  the  sof t  gelatinous  character 

-  or    the   intercellular   substance ; 


processes   are   largely   retracted    in   this 
opeoimen. 


it  is  ordinarily  hyaline,  and  in  it 
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are  placed  either  rounded  and  completely  separated  or  filiform  and 
branched  ceils,  wliicli  are  united  to  one  another  by  their  processes* 
Chords  or  tnicts  of  cells  also  occar.  In  this  way  a  fine  network  ia 
formed,  which  traverses  the  gelatinous  portion  of  the  structure,  the 
trabecuIiB  ol  which  may  become  firmer  by  further  differentiation, 
and  may  become  broken  up  into  fibrillar.  A  similar  fibrillation  may 
affect  the  intercellular  substance,  in  which  case  fibrous  bands,  in 
which  there  are  no  cells^  can  be  made  out.  This  tissue  is  found 
in  many  of  the  lower  animals ;  in  the  umbrella  of  the  Medusae 
(Fig.  8),  the  integument  of  the  Hetcropoda,  &c, 

3)  Fibrous  connective  tissue  maybe  regarded  asafarther 
development  of  gelatinous  tissue.  Its  morphological  elements  are 
elongated  or  branched  cells,  embedded  in  an  intercellular  substance 
formed  of  fibrous  tracta  and  bundles.  This  substance  is  largely 
due  to  a  differentiatioii  of  the  walls  of  the  cells,  as  is  clear  from 
its  development.  Development  also  reveals  the  fact  that  part  of 
the  protoplasm  which  sends  off  processes,  is  directly  differentiated 
into  fibrils  and  fibrous  bundles ;  these  are  therefore  distinct  from 
the  earlier  formed,  and  more  or  lesa  homogeneous  intercellular 
substance*  The  thickness  of  the  fibres  and  the  direction  they  take 
vary  greatly.  The  fibres,  which  are  generally  curved  and  undu- 
lating, sometimes  run  parallel  to  one  another,  sometimes  anastomose; 
the  cells  and  the  ceM-processes  are,  in  their  earlier  stages^  arranged 
in  a  manner  corresponding  to  the  subsequent  arrangement  of  the 
fibres. 

Fibrous  connective  tissue  is  distinguished  as  loose,  or  firm, 
according  to  the  charactei*8  of  its  intercellular  substance  i  the 
firmer  sort  is  also  known  as  "  tendinous  tissue,^ ^  the  fibrous  bands 
of  which  are  placed  parallel  to  one  another.  In  addition  to  the 
fibrillse,  which  swell  up  when  treated  with  acids  and  alkalies, 
there  is  another  form  of  fibre,  which  is  seen  in  the  intercellular 
Bubstance  of  fibrous  conneetivo  tissue;  this  resists  these  agents 
more  completely,  and  is  called  "elastic  tissue,"  on  accoimt  of  its 
elasticity.  It  is,  as  may  be  seen  from  its  relation  to  the  inter- 
cellular substance,  not  an  independent  form  of  tissue,  but  merely 
a  modification  of  connective  tissue. 

Inasmuch  as  a  portion  of  the  intercellular  substance  arises  by 
subsequent  differentiation  of  the  protoplasm  of  the  original  cells, 
as  was  remarked  above,  the  morphological  elements  which  are 
present  in  fully-developed  connective  tissue  represent  the  remains 
only  of  the  primitive  cells.  According  to  the  quantity  of  pro- 
toplasm used,  and  converted  into  fibrous  structures,  and  so  in- 
corporated into  the  intercellular  substiince,  the  nucleus  of  the 
connective-tissue  ceils  is  surrounded  by  more  or  by  less  protoplasm, 
or  the  whole  protoplasm  disappears ;  the  presence  of  isolated  nuclei 
in  the  fibrous  bands  of  connective  tissue  is  an  indication  of  this. 
Where  the  protoplasm  still  remains  around  its  nucleas — where, 
that  is  to  say,  a  cell,  according  to  the  conception  given  above,  is 
present,  this  ceil  may  undergo  fresh  changes,  which  are  of  so  many 
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kindn  that  connective  tissue  is  richer  than  any  other  m  the  yarioias 

phienomona  of  differentiation • 

§  22. 

4)  Cartilaginous  tissue  is  characterised  by  cells  lying  in 
firmer  iuterccllolar  substance.  Its  cells  do  not,  except  in  a  few  caaeSj 
pOflsesB  distinct  processes,  or  processes  which  can  be  easily  made 
bntj  but  are  very  nearly  circular  in  form,  or  else  oval  or  fusi- 
lorm.  The  amount  of  intercellular  substance  varies  in  amoont. 
It  is  distinguished  from  those  forms  of  connective  tissue  which  are 
formed  of  simple  cells  placed  in  a  homogeneous  intercellular  sub- 
Btance,  by  its  greater  rigidity.  CWtilaginous  tissue  is  well  adapted  by 
the  possession  of  this  character  to  function  as  an  organ  of  support. 
When  the  cells  predominate,  and  there  is  but  little  intercellular 
substance,  and  when  what  there  is  is  in  the  form  of  fine  membranes, 
cartilage  is  seen  to  be  directly  allied  to  vesicular  connective  tissue* 
The  protoplasm  of  these  cells  often  takes  on  a  definite  arrangement, 
and  forms  bands  which  extend  from  the  nucleus  to  the  periphery, 
and  unite  together  there.  They  are  separated  from  one  another  by 
spaces  which  contain  fiuid  (Fig.  9).  In  proportion  as  its  intercellular 
Bubatance  is  diminished,  does  this  tissue  differ  more  and  more  from 

ordinary  cartilaginous  tissue.  In  the 
protoplasm  of  cells  of  this  kind,  which 
are  found  forming  a  sort  of  skeleton 
in  the  Medusse,  the  phcenomenon  of 
streaming  of  the  protoplasm  may  be 
seen. 

If  the  intercellular  substance  in- 
creases, it  either  remains  homogeneous 
(hyaline  cartilage),  or  it  undergoes 
further  differentiations  like  those  of 
connective  tissue ;  but  these  differentiations  do  not  much  affect  ita 
relations  to  its  cells.  When  the  intercellular  substance  breaks  up 
into  fibres,  we  get  fibrous  cartilage;  when  elastic  nets  appear 
in  it  we  get  elastic  cartilage*  By  gradual  changes  of  the  inter- 
cellular substance,  as  well  aa  of  the  cells,  cartilaginous  tissue  passes 
into  fibrous  connective  tissue,  and  thus  indicates  its  close  connection 
with  that  form  of  tissue.  The  cells  also  become  more  specially  modified 
in  some  cases  by  being  elongated  or  producing  radiating  processes, 
which  unite  with  those  near  them :  as,  for  example,  in  many  Selachii, 
or  more  developed  still  in  many  Cephalopoda.  The  intercellular 
substance  then  appears  to  be  traversed  by  the  processes  from  the 
cells  (Fig-  10).  The  phjBnomenon,  which  in  the  cases  just  cited  is 
greatly  exaggerated,  obtains  also  in  ordinary  hyaline  cartilage, 
where  the  cells  are  apparently  sharply  marked  off  from  one  another; 
for  the  intercellular  substance  may  bo  seen  to  be  traversed  by 
processes,  although  these  are,  of  course,  extremely  fine* 

The   intercellular   substance  of    cartilaginous    tissue    is    always 


Fig.  9.     Cartilage    cells  from   tbe 
tentiKslQ  of  a  Medusa  (Oanina). 
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distiQct  from  tte  protoplasm  of  tliG  cartilage  cells  which  lie  in  its 
cavities;  but  as  it  is  differentiated  from  the  protoplasm^  it  ranst^ 
nevertheless^  he  regarded  as  a  secreted  product  of  the  protoplasm — 
a  layer  secreted  hy  a  cell :  often  an  intercellular  suhstance  may  be 
seen  in  hyaUne  cartilage  Burronnding  the  cell  like  a  capsule.  This 
was  formerly  regarded  as  a  coil- 
membrane  belonging  to  the  cell. 
As  these  - '  capsules  '^  can  often 
be  shown  to  enclose  groups  of 
c^ells  consisting  of  several  gene- 
rations, which  have  resulted 
from  the  fission  of  a  single 
cell,  the  enclosed  cells  were 
looked  upon  as  mother  and 
daughter  cells,  &c.,  and  the 
pheenomenon  itself  was  regarded 
as  a  case  of  endogenous  cell- 
formation.  As  a  fact,  these 
''  capsular  systems  "  are  merely 
the  expression  of  secretions, 
not  become  homogeneous,  and 
formed  by  several  generations 
of  cells  which  arose  from  one 
another.  The  perfectly  gi^adual 
passage  of  cartilaginous  tissue 
in  which  such  capsules  may  be 
seen,  into  tissues  where  the  intercellular  substances  is  completely 
homogeneous,  shows  that  we  have  here  to  do  with  different  stages 
in  the  differentiation  of  one  and  the  same  secreted  substance,  which 
has  arisen  in  the  former  case  by  an  interruptcdj  and  in  the  latter 
case  by  a  regular,  secreting  activity  of  the  cells.  In  virtue  of  the 
anastomoses  of  the  processes  of  caiiilage-cells,  cartilaginous  tissue 
comes  very  close  to  the  next  form  of  tissue,  and  it  is  only  distin- 
gnifihed  from  it  by  the  characters  of  its  intercellular  substance, 


Fig,  10.  Cartilage  from  a  Cephalopoda 
a  Simplei  h  Dividing  oolls.  c  CatiaUouli. 
d  An  empty  oartilage  capsule  with  ifca 
pores,  e  Transverse  section  of  canaliculi 
(after  M*  Furbriager), 


$  23. 

5)  Osseous  tissue*  This,  the  firmest  form  of  the  connective 
substances,  consists  of  an  organic  intercellular  substance  combined 
with  lime-saltSj  in  which  there  are  ceUa  vrith  fine  anastomosing 
processes^  or  it  presents  a  ground- substance  like  that  just  men- 
tioned, in  which,  however,  there  are  no  cells,  but  only  cell-processes. 
These  processes  traverse  it  as  fine  canaliculi.  There  are  therefore 
two  structural  phases  of  osseous  tissue  to  bo  distinguished. 
Cells  enter  into  the  composition  of  the  one,  but  in  the  other  they 
simply  send  out  fine  processes  into  the  pore-canals  of  its  solid 
ground-substance. 

The   tissue   containing  bone-cells  is   the  most  common;    it  is 


28 


COl^rPAEATlTE  AKATOMY. 


fonTid  in  the  skeletal  organs  of  all  classes  of  the  Vertebrata  j  whilst 
that  form  of  osseous  tLssiie  with  canaliculi  only  is  found  in  the 
skeleton  of  many  fishes,  and  as  a  general  rnle  in  the  dental  organs 
of  all  Vertebrata  (dentine)* 

The  development  of  osseous  tissue  explains  the  relations  of  the 

intercellular  substance  to 
the  cells.  That  form  of  it 
which  contains  cells  may 
arise  in  two  ways :  either 
\     ^^.     W^^B^  ^^  ^^^  ossification  of  con- 

•^1  ^S^^W^^^^^  /  nectiv©  tissue^  the  cells  in 

/fl^^   ^^1^^  ^^^H^__i  which   become    conTorted 

""  into  bone-cella  by  the  ossi- 

fication of  the  intercellular 
Bubstancej  which  becomes 
impregnated  with  calca- 
reous saltSj  while  the  cells 
themselves  become  con- 
nected with  one  another 
by  their  processes,  which 
traverse  the  pore-canals  in 
the  intercellular  substance; 
or  the  same  tissue  is  formed 
by  apparently  indifferent 
cells,  which  secrete  a  scle- 
rogenous  substance.  This 
substance  is  laid  down  in  stratified  lamellae^  into  which  the  secreting 
cells  send  fine  protoplasmic  processes  (Fig,  11,  o).  The  secretion 
of  this  substance  is  preceded  by  a  change  of  part  of  the  protoplasm 
of  the  celL  As  soon  as  this  is  differentiated  it  does  not  belong 
any  longer  to  the  cell,  and  is  therefore  secreted  fi'om  it.  If  some 
of  the  secreting  cells  (o  o*)  cease  to  be  active,  while  the  cells  near 
them  do  not  cease  to  be  so,  the  former  gradually  get  to  lie  in  a 
layer  of  intercellular  substance,  which  finally  surrounds  them,  and 
so  converts  them  into  bone-cells  (o").  The  cells  of  the  secreting 
layer  (osteoblasts)  are  continuously  connected  by  fine  processes  with 
thosG  which  are  already  enclosed  (bone-cells).  Thus  each  of  the 
former  is  rendered  capable  of  becoming  a  bone-ceh. 

The  other  form  of  osseous  tissue  is  developed  in  a  perfectly 
analogous  manner,  so  far  as  its  history  is  accurately  known,  through 
the  development  of  dentine.  In  this  case  also  a  layer  of  cells 
secretes  a  substance,  which  hardens  or  is  sclerogenous,  and  into  this 
the  cells  at  the  same  time  send  processes,  which  traverse  pore- 
canals*  But  the  cells  (odontoblasts),  instead  of  gradually  sinking 
into  this  extra-cellular  substance,  always  remain  outside  it,  and  are 
connected  with  it  by  their  processes  only.  The  secreting  substance 
is  thus  traversed  by  fine  parallel  canaliculi  (the  dentinal  canals, 
BO-called,  since  they  were  first  made  out  in  the  dentine).  This  form  of 
osseous  tisBuej  notwithstanding  its  different  appearance  in  later  stages. 


Fig.  11.     Transverse  Bection   of  tho   femm*  of 

Ran  a.    0  Osteoblast  layer.    o'c^Oella  bec^smiug 

bone^c^lls.       o"    A  bone-cell.      p    PerioBteuM. 

m  Medullarj  cayity* 


i 

i 


i 


TISSUES. 


99 


is  very  closely  allied  to  the  former  kind,  for  its  intercellular  substance 
also  is  secreted  from  cells — ^arises,  that  ig,  by  the  differentiation  of  a 
f  part  of  the  protoplasm.  The  connection  is  still  closer  if  wo  regard 
the  earliest  stage  in  the  process.  In  both  cases  a  homogeneons  sub- 
Btanc^  is  secreted^  which  is  hardened  by  calcareous  cooipounds,  and 
into  this  the  cells,  which  form  it^  send  their  processes*  If  this 
process  goes  on  in  the  same  way  &b  it  began,  so  that  a  complete  ceU 
never  passea  into  the  secreted  layers,  it  leads  to  the  formation  of 
that  form  of  osseous  tissue  which  is  traversed  by  fine  pore-caualiculi 
only,  arranged  for  the  most  part  in  parallel  lines.  If  some  of  the 
secreting  cells  gradually  pass  into  the  secreted  substancOj  that 
substance  becomes  an  intercellular  substance  containing  bone-cells. 


Morphological  Elements  of  the  Nutrient  Fluid. 

§  24. 

The  cells,  which  are  auspended  in  tho  nutrient  fluid  of  the 
body,  and  which  are  its  form-elements,  are  closely  connected  in 
origin  with  the  connective  tissue*  If  it  is  allowable  to  regard  this 
fluid  as  an  intercellular  substance,  then  the  whole  of  the  nutrient 
fluid  might  be  compared  to  a  tissue,  which  would  not  differ  from 
the  other  tissues  of  the  connective  series  in  any  essential  point 
other  than  its  fluid  condition.  Even  if  we  admit  it  to  possess 
another  function  in  consequence  of  this  fluid  condition,  yet  this 
function  must  be  held  as  falling  well  within  the  category  of  vege- 
tative functions.  Apart  from  the  noportanca  of  these  considerations, 
the  form- elements  in  question  must  be  enumerated  m  the  present 
place,  for  they  take  their  earliest  origin  from  the  tissue  which 
forms  the  walls  for  the  vessels  of  the  nutrient  fluid.  As  far  as  its 
characters  are  known,  a  portion  of  the  cells  which  form  the  mesoderm 
during  the  processes  of  division  do  not  become  connected  with  the 
rest,  but  remain  isfjlated  in  the  fluid  which  fills  these  canals  or 
spaces,  which  fluid  is  known  as  blood.  These  f or ni -elements  then 
are  the  blood-cells.  In  the  Invertebrata  they  appear,  as  a  ruloj  in 
the  form  of  completely  indifferent  cells, 
consisting  of  a  nucleus  (Fig,  12,  n)  and 
protoplasm,  which  latter  exhibits  amoeboid 
movements.  Among  the  Vertebrata  these 
morphological  elements  persist  as  lymph- 
cells  in  the  Craniata,  while  in  the  blood- 
fluid  proper  there  are  elements  which  arc 
derived  from  these  fonns^  but  are  much 
altered.  These  latter  have  lost  their  amoe- 
boid character  during  differentiation,  and 
have  the  form  of  rounded  or  oval  discs, 

the  nucleus  of  which  disappears  in  the  Mammalia,  though  present 
in  the  rest  of  the  Vertebrata. 


Fig.  12.  Blood  oorpneclefl 
of  a  Cmstaoean  (Haja 
Squiiiado)  with  protoplaa- 
mio  proces868.      n  Nucleus. 
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B.    The  Animal  Tissues. 

§  25. 

In  the  ©pithelialj  as  well  as  in  connective  tiasueej  the  product 
of  the  differentiation  of  the  protoplasm  gives  rise  to  phenomena 
which  are  limited  to  the  sphere  of  vegetative  operations*  When 
a  more  highly  contractile  substance  ariaes  as  a  product  of  the 
division  of  the  protoplasm^  a  new  tissue  is  formed,  which  is  known 
as  contractile  or  muscular  tissue.  Its  conrractilityj  howevcrj  is 
not  automatic,  but  dependent  ou  stirauli^  wliich  come  from  the  form- 
elementa  of  the  nervous  system.  The  contract Ue  form-elenients 
of  the  muscular  tissue  dififer  therefore  essentially  from  the 
indifferent  cell  formed  of  protophism,  although  the  latter  also 
is  contractile.  They  presuppose  the  existence  of  another, 
or  nervous  tissue,  just  as  it  on  the  other  hand  deteFmines 
the  existence  of  the  muscular  tissue.  These  intimate  re* 
lations  explain  the  causal  relationship  which  these  two  tissues  have 
to  one  another  phylogenetically.  The  two  kinds  of  elements  are 
differentiated  fi-om  a  single  neuro-muscular  cell,  which  is  in 
many  Ccelenterata  the  representative  of  the  two  tissues.  (Fig.  13,} 
This  kind  of  cell  corresponds  to  an  indifferent  stage  of  the  animal 

tissues,  in  which  they  have  not  yet  be- 
J^yii|Ji(jJ^r^^^^^'^      come  distinct  tissues.   The  tissue  which 
«V  mH  BtUI  hF  I  forms  the  starting-point  of  the  differ- 

\M  I   HllHl^^lL  entiation  is  not  a  new  structure.    It  is 

^^L^^^^^^H^^L  the  outermost  layer  of  the  body,  and 

^*^^^^^^^^^^^  consists  of  cells,  which  form  an  epithe- 
lium. The  neuro-muscular  tissue 
is  therefore  a  differentiation  from  the 
epithelial  tissue,  aud  is  thus  connected 
with  a  more  simple  condition.  Cells 
which  are  hardly  at  all  different  from  other  epithelial  cells  give 
off  a  band-like  process  at  their  base,  which  becomes  connected  to 
a  layer  of  longitudinal  fibres  underlying  the  epithelium.  While 
the  epithelial  cells  of  the  outer  layer  of  the  body  unite,  when  in 
their  indifferent  condition,  a  low  grade  of  sensibility  with  a  low 
grade  of  contractility,  the  sensibility,  when  the  cells  become  more 
highly  specialised,  remains  with  them,  and  the  contractOity  becomes 
assigned  to  a  differentiated  process  of  the  protoplasm,  which  now 
appears  as  a  distinct  appendage  of  the  celL  Thus  commences 
that  arrangement  which,  in  the  more  highly  differen- 
tiated stages,  is  expressed  by  the  connection  between 
ganglion-cells,  nerve-fibres,  and  muscle-fibres.  By  sup- 
posing that  the  fibres,  which  in  the  earlier  case  appear  to  be 
merely  processes  of  the  cells,  retain  their  nuclei,  and  that  the 
products  of  the  division  of  the  nuclei  of  the  cell  gradually  become 
fibreSj  and  that  further  the  neuro-muecular  cell  is  no  longer  con- 


Fig*    13.      Kenro-maflonlar     colla 

of  Hydra,       n  ProceescB  of   the 

celk.    m  ContribotilG  fibres  (after 

Kletnenberg). 
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nected  directly,  but  by  means  of  a  separate  procesa  with,  the 
fibre,  which  has  at  the  same  time  itself  also  become  indepeodeot, 
we  can  see  how  the  more  differeotiated  stage  has  been  brought 
about.  Nenres  and  muscles  seem  from  this  point  of  view  to  be 
the  products  of  the  separation  of  one  and  the  same  layer  of  tissue, 
which  tissue  we  shall  learn  later  on  to  know  as  the  "  ectoderm," 
And  at  the  same  time  a  physiological  postulate  is  thus  satisfied; 
for  clearly  it  is  impossible  to  imagine  that  nerve  or  muscle  once 
came  into  existence  with  their  elements  totally  distinct  from  one 
another,  and  that  the  connection  between  them,  ou  which  thoir 
functions  depend,  was  the  result  of  a  later  union. 


Muscular  Tissue. 

^  26. 

The  morphological  elements  of  the  muscular  tissue  are,  so  far 
as  their  more  special  characters  are  concerued,  divisible  into 
two  groups*  One  consists  of  cells  simple  in  form,  the  other  of 
fibres  derived  from  cell-aggregates^  or  from  syncytia;  the  latter 
is  indicated  by  tho  presence  of  numerous  cell- nuclei.  In  either  case 
the  amount  of  protoplasm,  which  retains  its  indifferent  character, 
is  slight,  and  subordinate  in  importance  as  far  as  the  function  of 
the  form-elements  in  question  is  concerned »  Further  differeatiation 
of  the  contractile  substance  may  in  either  case  lead  to  the  higher 
development  of  the  fibre, 

1)  The  so-called  smooth  muscular  fibres,  or  contractile 
fib  re*  cells,  constitute  the  first  form.  They  are  spindle-shaped 
cells,  which  are  often  greatly  elongated,  and  then  are  band-like  in 
form ;  in  these  cells  either  none  of  the  indifferent  protoplasm  at  all 
persists,  or  what  does  is  to  bo  found  in  tho  long  axisj  or  at  the 
periphery  of  the  cell  only.  In  all  cases  such  remaining  protoplasm 
surrounds  the  nucleus.  The  contractile  substance  is  homogeneous 
and  limited  externally  by  a  membrane^  which  is  often  difficult  to 
demonstrate.  The  reaction  of  these  muscle-fibres  to  nerve  stimu- 
lation is  slow. 

Owing  to  differentiation  of  the  contractile  substance  into  singly 
and  doubly  refractive  particles,  the  fibres  gain  tho  appearance  of 
transverse  striation ;  such  is  the  origin  of  that  variety  of  the 
tissue,  which  is  known  as  transversely-striated  muscular  fibre* 
There  are  various  intermediate  forms  between  this  kind  of  stnatod 
tissue^  which  consists  of  fibres  derived  each  from  a  simple  cell,  and 
the  other  more  homogeneous  kind  of  fibrous  muscular  tissue. 

2)  The  elementary  parts  of  the  other  form  of  muscular  tissue 
are  formed  by  cell- aggregates  (syncytia) .  They  generally  arise,  as 
it  seems,  from  the  growth  of  one  cell,  tho  nucleus  of  which  multiplies, 
so  that  they  may  be  regarded  as  arising  from  tho  continuous  but 
imperfect  division  of  on©  cell.  Their  contractUe  substance  either 
has  a  cylindrical   shape,  is  limited  externally  by  a  homogeneous 
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membrane  (the  earcolemma),  and  contains  several  nuclei,  witt 
remnants  of  protoplasm  along  its  axis ;  or  the  contractile  substance 
forma  a  solid  cylinder,,  on  the  snrfaee  of  which,  and  immediately 
below  the  sarcolemma,  are  the  nuclei  with  the  remains  of  the  proto- 
plasm. 

Furthorj  there  are  two  varieties  of  this  form  of  mascle-tissue 
in  which  the  contractile  substance  is  respectively  more  homogeneous 
or  more  heterogeneous.  If  more  homogeneous  the  fibres  resemble 
the  so-called  smooth  fibrous  cellsj  from  which  indeed  they  differ  only 
by  the  fact  that  they  do  not  correspond  to  a  single  cell,  but  to  a 
multiple  of  cells,  as  is  clear  from  the  number  of  nuclei  appertaining 
to  the  fibre.  In  the  other  condition,  owing  to  the  differentiation 
of  the  contractile  substance^  they  resemble  the  second  form  of 
simple  muscular  fibres,  and,  like  them^  are  transversely  striped. 
These  also  correspond  to  a  number  of  cells  although  they  are 
derived  from  a  single  cell,  and  owe  their  elongation  to  its  growth, 
The  reaction  to  stimulus  is,  in  transversely- striped  fibres,  rapid. 


Nervous  Tissue. 
§  27. 

Nervous  tissue  appears  (as  has  been  already  explained)  at  the 
same  time  as  muscular  tissue  in  the  Animal  Kingdom,  and  is 
distinguished  by  its  functions,  even  in  its  lower  conditions,  from 
other  tissues.  It  receives  and  passes  on  stimuli,  converts  them  into 
sensations,  and  produces  voluntary  excitations.  Two  conditions  are 
to  be  distinguished  in  the  morphological  characters  of  the  elementary 
parts,  nerve- fibres  and  nerve-cells.  The  former  are  mostly  present 
in  the  peripheral  portion  of  the  nervous  system,  and  are  the  con- 
ducting organs,  while  the  latter  form  the  central  elements. 

1)  Nerve-fibres  have  not  always  the  same  relations,  and  their 
different  conditions  are  to  be  regarded  as  stages  of  differentiation. 

a)  In  their  simplest  form  they  are  elongated  homogeneous 
band-like  bundles  composed  of  fibres  which  ai*e  so  slightly  separated 
from  one  another  that  they  appear  to  be  merely  striated.  For  the 
majority  of  Invert  ebrata  the  relation  of  nerve -trunk  a  of  this  kind 
and  their  branches  t6  the  histological  form-elements  is  not  thoroughly 
made  out  j  and  even  the  question  whether  the  numerous  striations 
of  the  nerve-trunks  are  to  be  regarded  as  the  indication  of  their 
being  composed  of  separate  fibres,  is  an  open  one.  The  presence  of 
nuclei  in  their  structures  is  the  sole  fact  which  points  to  their 
relation  to  cells.  In  other  cases  fibres  united  into  bundles  may  be 
distinguished  as  individual  elements  of  structure.  The  fibre  consists 
of  an  apparently  homogeneous  substance  which  is  limited  super- 
ficially by  a  fine  membrane,  beneath  which  are  the  nuclei.  Be  main  a 
of  protoplasm  may  be  at  times  made  out  around  the  nucleus,  wliich 
shows  that  the  rest  of  the  fibre  is  a  differentiated  substance.     The 
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stracture  of  these  nerve-fibres  is  therefore  histologicallj  of  a  similar 
grade  to  that  of  muscular- fibre^  and  the  only  difference  between 
the  two  is  in  the  quality  of  the  differentiated  protoplasm,  which  in 
one  case  gives  rise  to  muscle^  and  in  the  other  to  nerve -substance. 
Such  fibres  are  to  be  seen  in  the  Invertebrata  as  well  as  in 
Amphioxus  and  the  Cjclostorai.  In  tbe  higher  Vertebra ta  they  are 
present  only  in  the  sympathetic  nervous  system. 

b)  Further  differentiation  gives  rise  to  a  second  stage  of  the 
nerve-fibre,  Tbe  nerve-substance,  which  lies  beneath  a  more  or  less 
delicate  envelope,  is  differentiated  into  a  chord  which  traverses  the 
axis  of  the  fibre— the  ax is-cyHnd errand  into  a  fatty  substance 
which  surrounds  it.  The  latter,  known  as  the  medullary  cylinder 
(medullary  sheath),  gives  a  highly  refractive  contour  to  the  nerve- 
fibre,  and  can  be  separated  from  the  axis -cylinder  only  by  artificial 
means.  The  homogeneous  sheath  which  surrounds  the  medullary 
cylinder — the  neurilemma- — contains  the  nuclei  which  are  the  remains 
of  the  cells  from  w4iich  the  fibre  was  formed.  So  far  as  is  yet 
known  this  form  obtains  in  the  Gnathostomous  Vertobrata  only. 

2)  The  other  form-element  of  nervous  tissue  is  represented  by 
cells^  which  are  called  ganglion-cells,  as  they  are  principally 
present  in  the  swellings  (ganglia)  of  the  nervous  system.  They 
form  the  central  apparatus.  Their  substance  is  generally  finely 
granular  in  character,  with  many  other  peculiarities  which  cannot 
be  entered  into  more  closely  here.  The  nucleus,  which  as  a  rale 
is  provided  with  distinct  nucleoli,  lies  in  the  middle  of  the  granular 
substance ;  this  latter  is  often  limited  by  an  external  membranous 
and  firmer  layer.  A  very  complicated  structure  is  ascribed  to  these 
cells,  and  is  explained  by  every  observer  in  essentially  different 
ways,  so  that  the  questions  involved  appear  to  be  still  far  from 
being  settled. 

The  ganglion-cells  possess  processes  by  which  they  are  con- 
nected partly  to  one  another,  and  partly  to  nerve-fibrea*  They 
form  therefore  the  points  of  origin  of  the  nerve-fibres.  It  is  not 
yet  settled  how  ganglion-cells,  which  are  devoid  of  processes,  and 
therefore  completely  isolated,  can  be  of  any  service,  Tbe  fact  is, 
that  the  belief  in  their  existence  grovra  less  and  less  every  day. 
The  processes  of  the  nerve-cells  vary  greatly  in  number,  as  well 
as  in  their  relation  to  the  fibres ;  the  only  point  to  be  noted  about 
them  is  that  in  the  differentiated  fibres  it  is  the  axis-cylinder  which 
is  continued  into  the  substance  of  the  cell,  while  the  medullary 
cylinder  ceases  at  some  distance  from  it,  or,  rather,  is  no  longer 
differentiated.  The  relations  of  the  axis-cylinder  to  the  substance 
of  the  cell  appear  to  vary  greatly,  and  are  in  many  points  a  problem 
BtilJ* 
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Origin  of  tha  Organs, 

§  28. 

In  section  13^  the  title  of  organs  was  given  to  those  parts  of 
the  body  whicli  were  entruated  with  a  definite  function  for  the 
purposes  of  the  organism,  and  which  had  a  form  in  e-orrespondence 
with  this  function.  In  this  general  sense  eyery  form-element  is 
an  organ,  just  as  much  as  the  parts,  which  are  made  op  of  form- 
elementSj  and  have  a  definite  function,  are  organs*  The  conception 
of  an  organ  is  therefore  a  relative  one.  We  must  accordingly 
separate  organs  into  those  of  a  lower  and  those  of  a  higher  order. 
The  former  are  represented  by  the  morphological  units  or  form- 
elements — elementary  organs- — while  the  organs  of  a  higher  order 
are  those  which  are  made  up  of  a  number  of  elementary  organs — 
cells,  and  their  derivatives  (tissues) — and  which  are  set  apart  for 
a  single  function.  There  are  but  few  of  these  organs  of  a  higher 
order  in  the  lowest  stages  of  animal  organisation,  owing  to  the 
siraplicity  of  the  organism.  But  these  few  organs  form  the  ground- 
work on  which  the  gradual  complication  of  the  organism  is  raised 
up  by  continued  difFerentiation,  and  in  accordance  with  the  principle 
of  the  division  of  labour.  We  may  therefore  call  those  simple 
organs  of  a  higher  order,  from  which  complex  organs  are  developed 
by  differentiation^  "  primitive  organs/' 

When  we  examine  these  primitive  organs  more  closely,  we  find 
it  convenient  to  associate  them  with  the  earliest  processes  of  dif- 
ferentiation which  take  place  in  the  organism,  for  they  can  be 
derived  from  them.  A  collection  of  smaller  cells  arises  from  the 
division  of  the  egg-cell,  and  these  have  not  all  the  same  position. 
Some  occupy  the  inner  part  of  the  organism,  and  others  form  a 
layer  which  surrounds  it,  and  at  the  same  time 
forms  the  external  boundary  of  the  body 
(Fig,  11),  If  in  this  stage  of  development 
the  taking  in  of  food  into  the  body  com- 
mences, then  the  inner  cell  mass  becomes  con- 
verted into  the  limiting  layer  of  the  digestive 
cavity,  and  forms  a  primitive  gut  (enteron). 
In  many  observations  the  process  of  division 
into  two  layers  is  described  as  due  to  the 
invagination  of  a  one-layered  vesicle.  In 
other  cased  it  is  represented  as  taking  place 
diiferently,  so  that  it  is  impossible  to  make  out 
whether  there  is  any  phasnomenon  common 
to  all  cases,  and,  if  so,  how  far  it  is  common. 
Let  us  therefore  turn  to  the  results  of  the 
process,  without  making  any  generalisation  about  it.  We  now 
have  an  organism  made  up  of  two  layers  of  cells.  An  outer  one, 
or  ectoderm,  which  forms  the  primitive  integument,  and  an  inner 


Fig.  14.  Separation  of 
the  moss  of  cellji  formed 
by  chango  of  tiio  yolk 
into  ft  peripheral  (c) 
and  a  oentral  {d)  por- 
tiwu 
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OB0J  or  ©ndodGrm,  wliicli  surrounds  a  primitive  enteric  cavit7. 
The  two  layers  pass  into  one  another  at  the  oral  opening  which 
leads  into  the  caTity.  The  two  cell-layors,  which  form  the  body 
of  such  an  organism,  furnish  the  conditions  onder  which  it  is 
possible  for  it»to  lead  an  independent  animal  existence.  The  outer 
one  is  the  organ  of  support,  and  may  be  converted  into  an  organ 
of  locomotion  if  it  gives  rise  to  cilia,  and  may  be  the  seat  of 
respiratory  functions  also.  In  so  far  as  it  per- 
ceives the  state  of  the  flurroiinding  medium  it 
is  an  organ  of  sensation  too.  The  inner  layer 
is  nutritive  in  function,  produces  changes  in 
the  food  which  is  taken  in,  and  allows  what 
can  be  assimilated  to  pass  into  its  cells ;  and 
these  in  their  turn  feed  the  outer  layer  of 
cells.  What  is  useless  is  passed  out  again  by 
the  same  opening  as  that  by  which  it  entered. 
As  the  functions  of  the  two  layers  are  dif- 
ferent the  special  characters  of  the  morpho- 
logical elements  which  compose  thom  are 
different  also ;  we  need  only  call  attention 
now  to  the  much  greater  size  in  most  cases 
of  the  cells  of  the  endoderm,  as  compared  with 
the  cells  of  the  ectoderm. 

This  grade  of  organisation  is  to  be  seen 
in  some  of  the  lower  divisions  of  the  Animal 
Kingdom  (Coelenterata  and  Vermes),  whore  it 
represents  a  lowly  stage  of  development. 
Indications  of   it  are  to  be  seen  even  in  the 

higher  divisions.  This  form  has  been  called  the  Gasfcrula,  on 
account  of  the  dominant  development  of  the  enteron.  Starting 
from  the  hypothesis  that  forms  agreeing  with  a  Grastmla  in  all 
essential  points  were  the  precursor  of  all  the  higher  forms  of 
animal  organisation,  a  Gastreea-form  resembling  the  Gastrula  has 
been  regarded  as  the  primitive  ancestral  form  of  all  animals.  This 
Gastrroa  theory  is  baaed,  first,  on  the  existence  of  independent 
animal  forms  which  resemble  the  Grastrsea;  secondly,  on  the  fact 
that  the  embryonic  body  which  commences  with  a  Gastrula,  does 
not,  in  the  lower  divisions,  rise  very  much  above  it,  so  that 
even  apparently  considerable  complications  of  the  organism  can 
be  traced  back  to  the  existence  of  these  two  layers  of  the  body ; 
thirdly,  the  presence  of  these  two  layers  of  cells,  forming  the 
ectoderm  and  endoderm,  as  a  general,  const^fint,  and  therefore  regular 
phasnomenon,  even  in  the  higher  divisions  of  the  Animal  Kingtlom, 
as  well  as  their  constant  relation  to  the  same  functions,  is  a  fact  of 
the  greatest  importance  for  the  hypothesis  in  question ;  indeed  the 
occurrence  of  these  layers  as  the  so-called  germinal  layers, 
which  make  up  the  embryonic  body,  cannot  be  rightly  understood 
without  a  reference  to  a  hypothetical  Gastraea-form.  This  hypo- 
thesis may  therefore  be  regarded  as  justified, 

p  2 


Fig.  15.  Diagmm  to 
represent  the  first  dif- 
ferentiation of  the  or- 
gaaiam  into  ecto^orm 
&nd  endoderm,  and  the 
formation  of  a  di^eatiro 
cavity*  a  Mouth,  b  Eu- 
terio  oaWtj,  e  Endo- 
derm,  d  Ectoderm*  (In 
tranBTerso  aeotioo.) 
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We  recognise  then  the  Gastraea  aa  a  fundamental  form,  and 
£if9f9Ter  in  the  differentiation  of  two  layers  correspondiDg  respec- 
tively  to  endoderm  and  ectoderm,  which  are  present  even  in  the 
highest  grades  of  the  Animal  Kiogdoni,  facta  which  point  to  such 
a  Gastraea  stage,  and  are  doe  to  it.  But  it  must  not  be  at  all  sup- 
posed that  we  have  advanced  farther  than  just  on  to  the  threshold 
of  a  knowledge  of  these  relationships.  The  definitive  explana* 
tion  of  many  of  the  points  which  have  considerable  importance  in 
this  matter  is  still  far  distant^  and  but  little  light  has  yet  fallen  on 
even  such  apparently  simple  ])oints  as  the  origin  of  the  Grastriila 
and  its  two  layers.  It  is  a  question  whether  the  form  which  pre- 
cedes the  Gastrnla  is  a  one- layered  vesicle — ^that  is^  w4i ether  the 
two  layers  of  the  body  are  dno  to  the  endoderm  being  formed  by 
invagination ;  or  whether  the  endoderm  is  developed  from  a  primitive 
internal  cell-layer  delamination.  And  again,  whether  the  two  con- 
ditions that  have  been  observed  are  independent  of  or  derivable  from 
one  another.  Further  investigations  wiU  have  to  settle  all  this,  and 
our  judgment  must  therefore  be  pix)partionately  reserved  until  such 
investigations  have  been  made. 


§  29. 

The  two  layers  of  which  the  body  of  the  lower  animals  is  made 
up  during  their  early  stages,  and  which  are,  in  the  higher  divisions, 
represented  by  the  germ -layers — that  is,  the  ectoderm  and 
endoderm— give  nse  to  an  intermediate  layer  or  mesoderm,  in  the 
formation  of  which  the  other  two  apparently  take  an  equal  share. 
But  it  is  not  yet  definitely  known  what  share  each  takes,  since  the 
earliest  processes  of  the  differentiation  of  the  rudiments  of  the  body 
still  require  much  careful  investigation,  and,  moreover,  they  do  not 
present  the  same  characters  in  all  cases.  These  three  layers  appear 
directly  after  the  segmentation  of  the  ovum  in  the  higher  animal 
organisms,  and  are  coincident  with  the  first  traces  of  histological  dif- 
ferentiation. They  represent  the  outline  of  the  organism  in  the  condi- 
tion of  a  germ,  and  from  this  the  whole  organism  by  differentiation 
evolves  itself. 

These  rudiments  of  the  body  exhibit  great  modifications  in  the 
higher  divisions  of  the  Animal  Kingdom,  and  the  stage  which  ia 
represented  by  the  Gastrula  form  is  more  difficult  to  make  out  in 
proportion  as  tho  differentiations  through  which  the  organism  has 
to  pass  are  more  considerable ;  but  the  principal  features  can  be 
easily  recognised  as  identical  in  all  cases.  The  outer  germinal  la3'er 
(deric  layer  or  ectoderm)  forms  the  outer  limiting  layer  of  the  body, 
and  the  inner  (lower)  germinal  layer  (enteric  layer,  glandular  layer, 
or  endoderm)  the  foundation  of  the  gut  or  enteron.  The  middle  layer 
(mesoderm)  afterwards  arises  between  them. 

As  the  ectoderm  and  endoderm  are  the  first  organs  marked  off 
in  the  course  of  development,  the  germinal  layers  are  to  be  regarded  as 
primitive   organs,  which  have  been  transmitted  from  the  earliest 
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stages  in  tlie  differentiatiou  of  theamoia!  organism  to  later,  and  there- 
fore higher  stages,  and  which,  followiiig  the  law  of  the  division  of 
labour^  give  rise  to  series  of  new  organs.  We  do  not  yet  know  enough 
of  tho  details  of  the  organologieiil  difforentiatiou  of  the  germinal 
layers  to  be  able  to  give  the  history  of  every  organ.  However,  the 
facts  which  are  clearly  established  with  regard  to,  at  any  rate,  some 
divisions  of  the  Animal  Kingdom  enable  us  to  follow  out  the  first 
stops  in  the  process  of  differentiation.  The  organs  which  put  the 
organism  into  relation  with  the  outer  world,  such  as  organs  of 
defence,  of  support,  and  of  sensation,  are  principally  derived  from 
the  ectoderm  {hence  called  the  sensory  layer),  also  those  of  move- 
ment; while  tho  endoderm  principally  provides  the  organs  for  the 
preservation  of  the  individual  and  of  the  species  (nutritive  layer). 
As  the  origin  of  the  mesoderm,  out  of  which  important  organs 
are  formed,  is  still  very  obscure,  the  relations  of  these  organs  to  one 
or  other  of  the  two  primitive  germinal  layers  must  be  left  an  open 
question. 

The  primitive  character  of  the  organism  more  or  less  disappears 
as  the  rudiments  of  tho  body  are  formed  out  of  the  germinal  layers, 
and  as  fresh  organs  w4iich  render  the  organism  more  complicated 
arise  in  it.  Organs  differentiated  from  the  germ  layers  which  act 
tho  part  of  primitive  organs  are  reckoned  as  secondary  organs. 
From  these,  tertiary  organs  are  formed,  and  so  on*  The  separate 
organs  differentiated  out  of  a  primitive  organ  remain  connected 
together,  owing  to  the  fact  of  these  processes  of  separation  being  due 
to  the  division  of  a  function,  and  of  the  weparato  functions  being 
subordinated  to  the  primary  function,  from  the  breaking  up  of  which 
they  took  their  origin*  Combinations  of  organs  are  therefore 
formed,  which  are  known  as  organic  systems,  on  account  of  their 
morphological  and  physiological  connection. 

This  connection  does  not  always  persist  in  the  adult  condition ; 
and,  in  fact,  organs  primitively  connected  often  become  separated. 
This  obtains  chiefly  in  those  organs  which  serve  several  purposes, 
for  when  the  functions  become  independent  the  organs  become  so 
too.  But  even  in  those  cases  ontogeny  indicates  what  was  the 
primitive  condition. 


Systems  of  Organs* 

a)  Integument. 

§  30, 

The  ectoderm,  as  the  outermost  layer  of  the  body,  forms  the 
simplest  condition  of  the  integument  of  animal  organisms.  In 
the  lowest  organisms  (Protista)  there  is  either  no  integument  at  all, 
the  protoplasm  which  forma  the  body  being  protracted  into  ever- 
changing  processes  (paeudopodia),  or  the  integument  is  represented 
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by  the  outermost  layer  of  tTie  protoplasm  of  a  single  cell,  in  which 
case  wo  have  the  first  example  of  a  denser  stratum  of  the  cell  hecomiog 
separable  as  a  distinct  envelope  and  covering  for  the  rest  of  the 
organism.  The  ectoderm  hn^  the  function  of  an  organ  of  defence 
when  its  cells  secrete  a  substance  which  invests^  more  or  less  per- 
fectly, the  surface  of  the  body.  This  substance  may  harden  and 
give  rise  to  teats  or  shells,  or  form  a  continuous  covering  for  tho 
body,  like  tho  carapace  of  tho  Arthropoda. 

When  a  mesoderm  is  formed,  that  part  of  it  which  becomes  con- 
nected with  tho  ectoderm  takes  on,  in  various  ways^  the  functions 
of  an  organ  of  support.  Tho  calcareous  deposits  in  the  complicated 
integument  of  the  Echinodermatrta  are  examples  of  this. 

The  activity  of  the  ectoderm  in  producing  firm  organs  which 
protect  the  body  is  seen  also  in  the  Vertebrata^  where  numerous 
and  varied  parts,  which  function  as  investing  and  protecting  organs, 
are  produced  by  it. 


h)  Skeleton, 
§31. 
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III  proportion  as  the  various  protective  organs  which  are  formed 
from  the  ectoderm  increase  in  size  or  in  strengthi  and  at  the  same 
time  become  connected  '^sith  internal  organs,  they  attaiu  the  function 
of  organs  of  support  also*  Such  organs  we  designate  as  the  skeleton. 
The  combination  of  inorganic  substances  (chiefly  calcareous  salts) 
with  an  organic  base  plays  an  important  part  hero.  The  supporting 
function  of  the  integument  gives  rise  to  numerous  adaptations, 
Tho  combination  of  the  functions  of  both  protection  and  support 
is  clearly  a  lower  stage  as  compared  with  the  formation  of  internal 
skeletons,  which  indicate  a  nigher  fuuctional  differentiation,  and 
function  exclusively  as  organs  of  support.  Here,  too,  we  meet 
with  tho  most  various  conditions.  The  lowest  forms,  the  first 
beginning  of  such  internal  skeletal  organs^  are  solid  deposits  in 
the  tissues,  the  separate  pieces  of  which  have  no  c<jnnection  with 
one  another.  The  growth  and  union  of  these  deposits  give  rise 
to  skeletid  formations,  which  may  be  also  regarded  as  excretions. 
Examples  of  them  are  found  even  in  the  Coelentcrata.  When  a 
definite  tissue,  tho  properties  of  which  specially  fit  it  for  the 
function  of  support,  is  brought  into  use,  the  internal  skeleton 
assumes  a  higher  degree  of  development.  The  differentiation  of 
cartilage  from  the  indifferent  connective  tissue  is  the  first  ex-| 
pression  of  this  phenomenon.  As  low  doT^Ti  as  the  Medusas, 
among  the  Vermes  and  among  the  Mollusca,  the  employment  of 
cartilaginous  tissue  for  organs  of  support  is  commenced,  and  in  the 
Vertebrata  it  attains  to  greater  importance,  nntil  it  is  pushed  aside 
by  a  second  and  more  perfect  skeletal  tissne — the  osseous. 
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c)  Muscles. 
§  32. 

Tlie  locomotion  of  tbe  body  exKibits  itsolf  in  its  siraplesfc  phase 
as  a  clmnge  in  the  form  of  the  body  due  to  the  contractility  of 
its  protoplasm*  \Vlien  theso  changes  in  form  follow  ono  another 
rapidly,  and  ha¥e  all  the  same  direction,  the  body  either  elongating 
or  sending  out  processes  which  attaching  themselres  te  some  fixed 
pointj  are  follow^ed  gradually  by  the  rest  of  the  serai-fluid  body 
(Bhizopoda),  locomotion  is  effected.  The  difference  between  this 
mode  of  locomotion  and  undefined  change  of  foi-m  is  seen  to  be 
merely  one  of  degree.  The  contractihty  of  protoplasm  may  pro- 
duce changes  in  position  even  when  it  is  invested  by  a  differentiated^ 
though  soft,  integument.  This  layer  of  integument  will  follow  the 
movements  of  the  body  it  invests.  In  such  caseSj  and  they  are  very 
common  among  the  Protista,  special  organs  of  locomotion  cannot  bo 
said  to  exist,  for  the  cilia  have  other  functions  to  perform  for  the 
organism  in  addition  to  locomotive  ones ;  such,  for  example^  as  that 
of  aiding  in  the  ingestion  of  food. 

Specific  organs  of  locomotion  make  their  first  appearance  when 
the  contractile  morphological  elements  known,  as  muscle-fibres  are 
differentiated;  these,  in  the  simplest  case^  form  a  muscular  layer 
lying  beneath  the  ectoderm. 

The  genesis  of  this  earliest  musculatitre  of  the  body  is  due  to  a 
differentiation  of  the  ectoderm  (Hydroid  polyps),  the  cells  of  which 
give  off  flattened  processes,  which  form  a  continuous  layer  of 
contractile  fibres. 

Each  individual  ectoderm-cell  concerned  in  the  formation  of  this 
layer  of  fibres  represents  accordingly  a  sensory  apparatus,  which 
stands  in  direct  continuity  with  a  contractile  apparatus.  The  cell  is 
indeed  replaced,  when  the  musculature  is  differentiated,  by  groups  of 
muscles  which  work  bo  as  to  balance  one  another,  and  completely 
harmonise  in  their  action  (compare  Sect,  31),  We  cannot  yet  say  how 
far  this  process,  wliich  gives  so  deep  an  insight  into  the  mode  of 
differentiation  of  the  tissues  as  well  as  of  the  organs,  is  repeated  in 
the  ontogeny  of  the  higher  forms  of  animals*  In  all  divisions  above 
the  Ccelenterata  wo  always  find  the  separation  between  ectoderm 
and  muscle  complete.  It  may  therefore  be  doubted  whether  a 
process  of  the  kind  described  in  the  Hydroid  polyps  always  accom- 
panies the  origin  of  the  muscular  system.  But  yet  it  is  very 
probable  that  something  of  the  kind  does  occur.  Even  though  the 
process  of  differentiation  in  the  higher  organisms  does  not  enable 
US  to  recognise  these  processes  in  their  case,  yet  it  is  not  to  be 
assumed  without  further  reason  that  the  mode  of  origin  of  the 
muscular  tissue  was  in  them  primitively  different,  for  Ontogeny 
very  seldom  repeats  phylogenetic  processes  in  every  detail. 


The  earliest  musculature  of  the  body  is  closely  related  to  the 
integument,  from  which  it  can  with  difficulty  he  separated*  Since 
this  is  the  case  not  in  the  Ccelenterata  alone,  we  have  here  an 
instance  in  favour  of  an  essentially  equivalent  origin  for  this  part  of 
the  mosculatare  in  all  cases.  Together  with  the  integamentj  it 
forms,  on  the  appearance  of  a  body-cavity,  a  "  dermo-rauscular 
tube/*^  which  encloses  the  other  organs.  The  arrangement  of 
the  muscular  fibre  seldom  presents  much  reguljirity  till  tho  body 
becomes  jointed  into  separate  pnrts,  placed  one  behind  the  other 
(metanieres) ;  and  with  the  development  of  organs  of  support  the 
muscles  become  differentiated  into  separate  groups.  Coilcctions 
of  fibres  form  bundles,  and  these  again  make  up  larger  complexes, 
muscles.  The  segmentation  of  the  muscular  system  corresponds 
therefore  to  the  segmentation  of  the  body,  and  the  separate 
segments  differ  in  proportion  to  the  difference  in  function  of  the 
metameres.  The  various  kinds  of  movement  which  are  produced 
by  the  crossing  of  the  fibres  of  the  dermo-muscular  layer  in 
different  strata,  are,  where  the  muscular  system  is  more  highly 
differentiated,  effected  by  groups  of  muscles  acting  In  opposition 
to  one  another,  and  completely  balancing  one  another  in  their 
action. 

Locomotion  by  movement  of  the  whole  body  is  brought  about  by 
the  dermo-muscular  tube  and  the  differentiations  which  arise  from 
it ;  the  whole  integument,  in  the  first  instance,  takes  a  share  in  this 
activity.  A  further  differentiation  arises  fi'om  this  state  of  things 
when  special  appendages  are  formed,  as  limbs,  on  certain  parts  of 
the  body.  WTieu  the  anima!  changes  its  place  these  act  as  the  arms 
of  a  lever.  They  have  the  form  of  simple  soft  processes  of  the 
dermo-muscular  tube  (Ringed  worms),  or  of  jointed  organs,  which 
are  supported  by  the  integument  (Arthropoda),  or  by  means  of  internal 
skeletal  structures  (Vertebrata)*  The  complication  of  the  muscidar 
Bystem  is  in  close  connection  with  the  development  of  supporting 
organs ;  and  the  two  form  a  single  locomotor  system  in  which  the 
skeleton  plays  the  passive  part. 


I 


d)  Nervous  SyBtem, 
§  34, 


In  the  lowest  conditions  of  animal  organisation  the  protoplasm 
the  cells  is  the  seat  of  sensation,  as  well  as  of  movement ;  and  this 
is  permanently  tho  case  in  the  lowest  organisms.  As  the  muscular 
layer  of  the  body  becomes  differentiated,  the  ectoderm  becomes  the 
principal  organ  of  sensation.  The  differentiation  of  a  nervous 
system  is  due  to  the  further  development  of  a  portion  of  this  layer 
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a  sensory  organ,  for  which  reason  such  an  organ  must  be  at  first 
^placed  superficially.     This  superficial  position  of  the  earliest  rudi- 
ments of  the  nerve-centre  has  been  already  made  out  in  so  many 
--forms  that  it  may  be  regarded  as  aT  general  phsonomenon.    As  the 
Pflensory  organ    becomes   differentiated  from  the  ectoderm  it  sinks 
down   into    the    body.       The    developing    central    organ    is    thus 
gradually    covered    over    by    other    layers    of    the    body.      This 
arrangement,  which  ia    most  peculiar,    and   by   itself    most   unin- 
telligible,  is  explained  if   we  regard  it  aa  inhorited  from  a  more 
primitive  stage,  in    which   tho    nervous    system    was   but   slightly 
differeutiated,  and  was  represented  by  the  whole  cell-layer  of  the 
ectoderm,  or  by  part  of  it*     We  must  consider  its  gradual  attain- 
ment of  an   internal  position  to  be  a  process  due  to  its  continued 
differentiation,  and  consequent  higher  potentiality  ;  the  orgaiij  which 
become  of  greater  value  to  the  organism,  gets  hidden  within  the 
'  body. 

With  regard  to  the  stmctaral  characters  of  the  differentiated 

Luervous  system,  the  central  organ,  which  is  chiefly  composed  of 

ganglion-cells,    is  to  be  distinguished  in  the  first  place  from  the 

nerves,  which  pass  to  the  tertnioal  apparatus,  and  consist  of  fibrous 

elements  (peripheral  nervous  system). 


§  35. 

The  earliest  complications  are  due  to  the  appearance  of  several 
parts  (ganglia),  in  which  are  central  fonu-elements  connected  with 
one  another  :  the  further  development  of  these  parts  is  very  various. 
The  ganglionic  mass,  which  forms  the  central  organ,  is  primitively 
dorsal,  owing  to  the  earliest  separation  of  the  central  organs  taking 
place  from  the  dorsal  ectoderm,  as  we  have  already  seen.  This 
dorsal  nervous  mass,  Tvhich  generally  lies  near  tho  entrance  to  the 
alimentary  canal,  is  differentiated  into  several  parts,  which  are  con- 
nected together  by  commissures ;  their  fibres  form  an  oesophageal 
ring. 

In  the  animals  built  on  a  radiate  plan  the  number  of  the  ganglia  is 
increased  in  correspondence  with  the  radii ;  tho  peripheral  distribution 
of  the  nerves  also  follows  these  general  structural  relations  exactly. 
The  nervous  system  in  bilaterally -symmetrical  animals  follows  the 
bilateral  arrangement.  The  more  primitive  form  is  represented  by 
a  superior  ganghonic  mass  (cerebi'al  ganglion)*  Other  gangha  do 
not  seem  to  be  formed  until  the  metameres  are  formed.  We  then 
are  able  to  distinguish  dorsal  and  ventral  ganglia ;  the  latter  may  form 
ganglionic  masses  along  a  continuous  longitudinal  trunk,  or  a  sioglo 
nbcBsophageal  ganglion.  The  variations  io  size  of  these  oesophageal 
iBglia  are  in  the  closest  connection  with  the  nerves  which  pass  off 
rom  them.  \Yhen  sensory  organs  are  developed,  the  ganghon 
*  which  sends  off  their  nerves  becomes  of  considerable  size,  while  it 
seems  to  degenerate  when  they  grow  less.  The  supra-oesophageal 
ganglia  are  the  most  important  in  this  relation,  for  it  is  from 
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them  that  the  nerves  of  the  higher  sensory  organs  arisOj  which  in 
position  and  direction  have  one  widely-distribnted  arrangement. 

From  this  form  another  is  directly  derived,  determined  apparently 
by  the  well-marked  metamenam  of  the  body.  Whilst  in  unseg- 
mented  animals  possessing  an  oesophageal  ring,  the  ventral  parts  of 
the  body  are  supplied  by  nerves  which  arise  from  the  subcesophageal 
ganglia,  we  find  that  the  nnmber  of  ventral  ganglia  is  increased  when 
the  body  is  broken  up  into  parts  lying  one  behind  the  other  (meta- 
meres).  A  ventrally-placed  series  of  ganglia  is  formed  by  the 
development  of  a  separate  pair  of  ganglia  for  each  segment ;  and 
these,  being  nnited  to  each  other  by  longitudinal  commissures,  form, 
a  ganglionic  chain.  The  Ringed  worms  and  the  Arthropoda  present 
us  with  this  form.  Further  differentiation  gives  rise  to  all  kinds  of 
variations  of  this  type. 

In  the  first  place,  the  size  of  the  ganglia  varies  with  the  size  of 
those  parts  of  the  body  that  have  to  be  innervated ;  and  in  the 
second  place^  the  ganglia  of  several  segments  of  the  ventral  cord 
fuse  into  larger  ganglionic  masses. 

Even  when  the  central  nervous  system  is  entirely  dorsal,  as  in  the 
Vertebrata,  it  undergoes  differentiations  of  this  kind.  ^Vhen  the 
most  anterior  part  of  the  body  is  developed  into  a  head,  the  most 
anterior  part  of  the  central  nervous  system  is  developed  into  a  special 
region,  the  brain,  which  is  marked  off  from  the  remainder  of  the 
medullary  tube,  or  spinal  cord,  which  remains  more  equal  in 
size  throughout.  As  differentiation  advances,  variously  developed 
regions  appear  in  the  brain. 
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e)  Sensory  Organs. 

§  sa 

The  sensory  organs  inform  the  organism  of  the  condition  of 
the  outer  world.  Protoplasm,  in  its  indifferent  condition,  charac- 
teristic of  the  lowest  organisms,  reacts  to  various  stimuli  from  with- 
out, and  appears  to  be  the  seat  of  the  lowest  kind  of  sensation. 
When  the  surface  of  the  body  is  not  completely  marked  off  from  the 
inner  portion  of  the  organism  (Rhizopoda)  it  is  used  as  an  organ  of 
perception,  of  coui'se  of  the  very  lowest  grade  ;  it  functions  therefore 
as  a  sensory  organ  of  the  lowest  order.  When  the  surface  is  more 
distinctly  marked  off,  and  a  distinct  outer  layer  of  the  body  is 
established  (Infusoria,  Gregarinje),  we  get  a  differentiation  of  great 
importance  for  sensory  perception. 

Although,  indeed,  particular  parts  of  the  surface  in  the  Infusoria 
specially  acquire  the  fanction  of  sensory  organs,  yet  there  is  no 
ground  for  speaking  of  sensory  '^^  organs  '*  in  an  anatomical  sense,  in 
this  case,  any  more  than  there  is  in  the  still  lower  stages.  Sensory 
organs  only  appear  when  a  nervous  system  is  marked  off,  for  sen- 
sory organs  are  the  end-organs  of  the  sensitive  nerves. 
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Their  presencG  therefore  presupposes  that  form  of  differentiation 
which  we  treated  of  above,  when  speaking  of  the  nervous  system. 
Since  ontogenetic  facts  point  to  the  primitive  segregation  of  the 
nervous  system  from  the  ectoderm,  as  being  most  probably  a  funda- 
mental process,  this  same  outermost  layer  of  the  body  becomes  also 
of  the  greatest  importance  in  studying  the  origin  of  the  sensory 
organs.  Almost  all  the  sensory  organs  are  derivedj  directly  or 
indirectly,  from  it;  whence  arises  the  permanent  or  temporary 
connection  of  these  organs  with  the  integument. 

It  is  very  unsafe  to  assert  what  are  tho  functions  of  many  of  the 
bSensory  organs  of  the  lower  animals.  This  applies  to  all  those  organs 
■"wliich  are  not  comprised  amongst  those  which  fall  within  the  domain 
of  our  own  judgment,  on  account  of  onr  possessing  them  or  their 
homologues,  in  which  case  only  is  it  possible  that  the  connection 
between  their  structure  and  specific  function  can  bo  estimated. 
Such  outstanding  organs  have  been  classed  together  as  organs  of  a 
aixtk  sense. 

I  $  37. 

The  sensory  organs  are  divided  into  lower  and  higher.  The 
former  are  commonly  distributed  over  the  integument^  and  are  simple 
in  structure.  Compared  witli  the  higher  they  represent  a  more 
indifferent  condition.  Modified  cells  of  the  integument,  which 
genemlly  behmg  to  the  epidermis,  connected  on  the  one  hand  with 
a  nerve  fibre,  and  on  the  other  provided  with  a  process  of  varying 
shape,  which  is  directed  towards  the  surface  of  the  body,  are  the 

[most  common  examples  of  the  lower  sort.  They  are  regarded  as 
the  organs  of  general  tactile  perception;  but  the  physiological 
function  of  these  organs,  especially  in  aquatic  animals,  has  not  been 

I  definitely  determined,  and  it  is  reasonable  to  suppose  that  many  of 
them  are  the  media  of  specific  sensations,  in  which  case  they  would 
resemble  the  higher  organs  of  sense. 

The  significance  of  these  arrangements  is  somewhat  more  certain 
when  they  are  connected  with  special  organs,  such  as  movable 
processes  of  the  integument  and  tho  like ;  they  then  appear  to  bo 
tactile  organs.  It  is  still  a  question  whether  structures  of  this 
kind,  especially  in  the  lower  divisions  of  the  Animal  Kingdom,  are 
of  use  for  perceptions  other  than  tactile. 

I  The  higher  sensory  organs  present  themselves  to  us  as  special 
©laboi-ations,  with  one  special  function  and  capable  of  response  only 
to  stimuli  of  one  special  kind;  they  are  to  be  regarded  as  developed 
from  the  lower  kind  of  sensory  organs,  and  oftentimes  still  possess 
the  essential  structure  of  that  lower  kind.  Organs  of  taste  and 
smell  can  only  be  certainly  distinguished  in  the  higher  divisions  of 
the  Animal  Kingdom,  and  the  function  of  the  latter  is  certain  only  in 
those  Vertebrata  which  live  in  the  air ;  in  the  lower  divisions  it  is 
still  doubtfulp  Even  in  the  case  of  the  organs  of  taste  the  graitest 
caution  is  necessary  as  to  their  real  import..  The  value  of  a  sensory 
organ    to   the  organism    determines    its   being  protected    against 
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external  influences.  This  explains  the  foldinga-in  of  the  portion  of 
the  internment  which  is  about  to  be  differentiated  into  a  sensory 
organ.  It  is  for  Una  reason  that  the  higher  sensory  organs  gradually 
sink  beneath  tlie  level  of  the  ectoderm  as  they  are  developing,  and 
attain  a  favourable  position  for  further  development, 

§  38. 

Yesildea  filled  with  a  fluid,  on  the  walls  of  which  a  nerve  ends, 
are  regarded  as  auditory  organs  (o  to  cysts).  In  its  simplest  form 
the  vesicle  is  directly  connected  to  the  central  nervous  system,  or  the 
nerve  passes  from  it  to  the  vesicle.  These  vesicles  almost  always 
contain  firm  concretions  or  crystalline  strncturea  i  and  very  often 
crystals  of  calcic  carbonate.  There  are  often  hair-like  prolongations 
of  tlie  end- organs  in  addition  to  them,  which  project  into  the  lumen 
of  the  vesicle.  This  form  of  auditory  organ,  which  obtains  in  the 
Invertebrata,  is  complicated  in  the  Vcrtebrata  by  diverticula  and 
outgrowths  which  form  a  labyrinth.  New  arrangements  are  produced 
in  the  form  of  organs  for  carrying  and  increasing  the  sound,  which 
become  attaclied  to  the  auditory  organ,  although  they  primitively 
presided  over  other  functions.  Inasmuch  as  the  labyrinth- vesicles 
of  the  Yertebrata  are  developed  from  the  integument,  the  terminal 
organs  of  the  auditory  nerve  which  are  differentiated  in  its  walls 
are  genetically  connected  with  the  terminal  organs  of  the  tactile 
nerves,  which  lie  in  the  integument;  they  may  therefore  be 
regarded  as  a  specific  development  of  a  lower  sensory  organ.  The 
genetic  relations  of  the  simpler  otocysts  of  most  In  vertebra  ta.  are 
as  yet  unknown,  but  all  the  more  exact  results  point  to  the  supposi- 
tion that  they  arise  by  a  differentiation  of  the  ectoderm.  _ 

The   optic   organ   also   has    a   simple   mode   of   origin.      We       H 
exclude  the  pigment  spots,  which  used  to  be  often  called  eyes,  and 
only  recognise  an  eye  where  a  nerve-ending  of  definite  form  can  be 
detected,   either  under  or  on  the  surface  of  the  body,  acting  as  an       B 
organ  for  the  perception  of  light.     By  the  light-absorbing  property       W 
of  the  pigment  it  is  possible  that  indefinite  sensations  of  light  and 
shade  may  he  produced,  or  other  sensations  altogether  unlike  that 
which  we  call  "  sight  ^*  may  possibly  be  produced  by  the  heat-rays 
alone  of  the  light. 

The  function  of  pigment  in  the  way  just  noticed  is  doubtful,  but 
when  it  sun^ounds  a  part  only  of  a  rod-like  nerve-ending,  and  that 
in  such  a  way  as  to  leave  the  outermost  end  tree,  and  exposed  alone 
to  the  influence  of  light,  it  has,  clearly  enough,  a  definite  function. 
Optic  organs  of  various  degrees  of  complexity  are  formed  by  the 
union  of  a  few  or  of  many  nerve-endings ;  the  elements  which 
are  the  medium  of  light-perception  (rods)  forming  a  convex  or 
concave  layer.  Another  complication  is  due  to  the  addition  of 
organs  to  refract  the  light  (lenses) ;  these,  too,  may  have  all  kinds 
of  relations,  but  they  are  always,  either  directly  or  indirectly, 
derived  from  the  integument.     In  eyes  in  which  the  surface  of  the 
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layer  of  rods  is  convex  there  are^  as  a  rule,  as  many  lenses  as  there 
are  perceptive  nerve-endings ;  when  the  layer  of  rods  is  concave, 
there  is  one  lens  only.  By  the  addition  of  other  arrangements  to 
the  nervous  apparatus  of  the  eye,  by  which  its  functional  capacity 
is  modified  or  increased,  this  organ  becomes  one  of  the  most  com- 
phcated  of  the  animal  economy.  In  most  of  the  lower  divisions  the 
optic  organ,  even  when  fully  developed,  still  retains  its  primitive 
relation  to  the  ectoderm.  In  the  higher  divisions  it  is  separated 
from  it,  and  gets  to  lie,  together  with  its  perceptive  apparatus,  be- 
neath the  iDtegumentj  or  the  perceptive  apparatus  is  derived  from 
the  embryonic  foundations  of  the  nerve-centre. 

The  phoenomena  of  differentiation  may  be   seen  even  in  what 

relates  to  the  position  of  the  optic  organ,  for  the  parts  of  the  body 

which  carry   the  eyes^  a-s  well  as  the  numher  of  the  eyes,  varies 

greatly  in  the  lower  divisions  of  Animals.   Connected  with  this  is  the 

•  occmrence  of  a  great  number  of  eyes  on  the  anterior  part  of  the 

IbcMiy,  which  goes  to  form  the  head,  until,  finally,  the  number  of 

I  eyes  on  the  part  in  question  becomes  Umited  to  two.     The  different 

Eosition  occupied  by  visual  organs  forbids  us  to  suppose  that  they 
ave  had  a  common   hereditary  origin,  and  is  in  favour  of  these 
heterotopic  organs  having  been  independently  differentiated  from 
an  indifferent  apparatus.     On  the  other  hand,  that  eyes  which  are 
-connected  to  the  cereljral  ganglion,  or  the  dorsal  nerve-centre,  have 
[A  common  genetic  relation,  is  not  to  be  disputed. 


f)  Respiratory  Organs  of  the  Integument, 
(Derma]  BrancbleDj 

§  39. 

An  important  part  is  played  by  the  integument,  and  therefore  by 
the  ectoderm,  in  the  formation  of  respiratory  organs.  Before 
they  appear  the  gas  exchange  is  carried  on  probably  by  the  whole 
surface  of  the  body,  and  this  mode  of  respiration  obtains  in  many 
of  the  lower  aquatic  animals.  A  change  of  the  surrounding  medium 
is  effected,  partly  by  the  movements  of  the  body,  and  partly  by 
special  organs,  for  example  cilia ;  thus  fresh  quantities  of  it  are  con- 
tinually brought  into  contact  with  the  respiratory  surface.  This  is 
not,  however,  tho  only  method  of  respiration  in  the  lower  animals,  for 
the  introduction  of  water  into  tho  interior  of  the  body,  in  fact 
the  bathing  of  the  alimentary  canal  by  water,  is  certainly  not 
without  significance  in  this  direction,  whilo  it  is  of  great  ini* 
portance  as  being  the  beginning  of  a  long  series  of  differentiations. 
Certain  limited  portions  of  the  surface  become  more  developed  in  this 
direction  as  the  function  becomes  localised,  and,  in  compensation 
for  this  limitation,  acquire  the  form  of  blood-carrying  processes, 
which  are  called  branchise.     In  many  cases  they  are  differentiated 
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from  the  appendages  (Vermes,  Crustacea).  An  increase  of  the  surface, 
which  is  brought  about  in  various  ways,  is  the  mode  in  which  the 
further  complication  of  branchiae  takes  place ;  it  is  very  frequently 
accompauied  by  a  rednction  in  the  number  of  separate  branchial 
organs. 

The  importance  of  branchiee  to  the  body  calls  into  existence 
various  kinds  of  supporting  arrangements  for  these  organs, 
whichj  in  their  lowest  conditioUj  project  freely  from  the  surface  of 
the  body.  Neighbouring  parts  of  the  integument  being  raised  up 
into  covering  lamelliB,  the  branchim  become  hidden  in  cavities 
(branchial  cavities),  and  the  same  tegumentary  folds  give  rise  to 
afferent  and  efferent  canals  for  the  water,  which  serves  for  respira- 
tion (MoUusca,  higher  Crustacea).  In  this  way  the  development  of 
respiratory  organs  may  affect  other  parts  of  the  integument,  the 
direct  relation  of  which  to  respiration  had  been  lost  for  a  very 
long  time. 


g)  Excretory  Organs. 
§  40, 

Just  as  the  gaseous  excretory  matters  are  eliminated  from  the 
organism  by  the  respiratory  organs,  so  too  are  there  arrangements 
for  ehminating  the  solid  or  fluid  matters  which  have  become  useless 
to  the  organism.  The  whole  sui'faee  of  the  ectoderm  performs  this 
function  in  the  lower  organisms;  in  the  higher  forms  of  life,  on  the 
contrary,  there  are  special  organs,  dermal  glands,  which  have  this 
function.  Of  those  general  arrangements  which  function  as  organs 
of  secretion  wo  have  to  do  here  with  those  special  ones  only  which 
eliminate  the  excretory  matters,  and  which  are  distinguished  as 
excretory  organs  from  those  glands  which  secrete  mattei's 
which  are  of  use  to  the  organism  ;  these  latter  are  either  indepen- 
dent, or  are  united  to  definite  systems  of  organs,  of  which  they  are, 
iu  that  case,  specialised  parts. 

The  excretory  nature  of  the  products  of  secretion  of  those 
secreting  organs,  which  are  formed  by  the  ectoderm,  is  least  open  to 
doubt,  for  the  products  are  removed  at  once  from  the  organism  by 
the  emptying  of  the  gland. 

Of  the  various  kinds  of  organs  which  open  on  the  surface  of  the 
body  one  sort  attains  to  general  importance.  These  are  the  kidnoy- 
like  excreting  organs,  which  eliminate  the  nitrogenous  excreta 
from  the  body.  These  organs  are  distinctly  derived  from  dermal 
glands,  notwithstanding  tlxat  in  the  Vermes,  where  they  seem  to 
have  their  most  simple  form,  they  penetrate  deeply  into  the  body ; 
nor  does  the  fact  that  in  many  cases  (Annelida,  MoUusca)  the  organ, 
which  in  other  points  also  is  much  modified,  opens  into  the  body- 
cavity,  and  so  connects  it  with  the  suiTOunding  medium,  and  even 
serves  in  many  groups  (Mollusca)  aa  a  means  for  introducing  water, 
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affect  the  question  of  its  origin.  In  other  forms  (Aunulata)  these 
organSj  haviDg  a  tubular  form,  assist  in  the  geDerative  functions,  by 
aerving  as  ducts  for  the  generative  products.  The  recurrence  of  this 
function  for  a  portion  of  the  primitive  excretory  apparatus  (primi- 
tive kidney,  archiiiephron)  of  the  Vert eb rata  might  bo  explained  as 
an  inheritance  fi^ora  a  lower  stage.  How  far  suclx  a  view  ia  justified 
is  still  uncertain.  In  any  case  a  genetic  point  of  contact  between 
the  primordial  kidney  of  Vertebrata  and  the  renal  tubes  of  lower 
organisms,  can  only  bo  looked  for  where  the  apparatus  is,  as  in  the 
Vertebrata,  single  on  each  side  of  the  body. 


h)  Alimentary  CanaL 
§  41. 

The  ingestion  of  nutrient  matter  into  the  body  is,  in  some  of  the 
lowest  organisms,  effected  by  endosmotic  processes,  in  which  the 
surface  of  the  body  takes  the  principal  share.  In  others  solid  nutri- 
ment is  ingested,  the  soft  protoplasm  sending  out  pseudopodia,  and 
[embracing  the  nutrient  matter  which  happens  to  come  into  the 
neighbourhood  (Rhizopoda).  Tlie  formation  of  a  definite  part  of 
the  surface  of  the  body,  serving  for  the  ingestion  of  nutriment,  is 
I  really  a  step  towards  organological  differentiation  (Infusoria) ;  bat 
this  does  not  constitute  an  alimcDtary  canal,  wdiich  does  not  appear 
as  a  separate  organ  till  the  body  ia  differentiated  into  cell-layers. 
The  cell-layers,  when  they  do  appear — ^an  inner  and  an  outcr^^pass 
into  one  another  at  the  margin  of  the  orifice  of  en  tin  nee. 

The  inner  layer,  or  endoderm,  lining  a  space  open  to  the 
exterior,  forms  the  waU  of  a  digestive  cavity.  In  the  simplest 
form,  represented  by  the  Gastrula,  the  endoderm  is  the  sole  wall  of 
the  primitive  enteric  cavity.  The  formation  of  a  mesoderm  gives 
rise  to  other  layers  external  to  this  one.  Of  these  the  most  im- 
portant is  a  muscular  layer,  for  by  it  the  intestine  is  enabled  to  per- 
form independent  movements.  The  opening  which  leads  into  the 
enteric  tube  serves  as  a  mouth  for  the  ingestion  of  nutrient  matters, 
'  as  well  as  for  an  opening  for  the  rejection  of  the  undigested  remains  of 
the  food  (Coelenterata,  many  Vermes)*  The  appeaitmco  of  an  anal 
orifice  produces  a  further  separation  of  functions,  and  converts  the 
blindly-ending  giit  or  enteron  into  a  tube  open  at  both  ends,  the 
separate  portions  of  which  take  on  various  functions,  and  so  undergo 
different  adaptations.  The  first  portion,  wliich  is  connected  with  the 
mouth,  forms  an  oesophagus,  which  serves  for  the  introduction 
of  food ;  then  follows  the  true  digestive  cavity,  which  is  generally 
widened,  or  provided  with  csscal  sacs,  and  is  generally  called  the 
stomach,  though  this  name  is  not  always  applied  to  equivalent 
parts.  The  terminal  part  of  the  whole  system  serves  for  further 
alteration  of  the  food,  as  well  as  for  the  excretion  of  the  remnants 
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by  the  anus*  This  differentiation  of  the  digestive  tabe  into 
Beveral  unequal  parts  is  the  most  important  complication  which 
it  undergoes;  any  further  differeutiations  are  subordinate  to  this. 
Throe  tracts  are  accordingly  henceforward  distinguished,  as  fore- 
gutj  mid-gutj  and  hind-gut. 

In  addition  to  the  varying  and  numerous  clianges  in  size  which 
the  different  portions  of  the  canal  undergo,  other  arrangements,  due 
either  to  special  new  functions,  or  mere  expressions  of  further 
division  of  labour,  arise  in  it.  Organs  for  seizing  and  comminuting 
the  food  become  attached  to  the  raoutli,  or  mark  off  a  portion  of  the 
oesophagus  {masticatory  organs).  In  the  stomach  also  there 
are  sometimes  masticatory  organs  of  this  kind.  When  they  occur  at 
the  commencement  of  the  oesophagus,  just  behind  the  mouth,  this 
part,  which  is  frequently  distinguished  by  its  larger  supply  of 
muscles,  ij^  known  as  the  pharynx. 

The  size  of  the  cavity  of  the  canal  is  increased  by  dilatations,  or 
ca^cal  diverticula.  Crops  are  formed  in  the  course  of  the  oesophagus, 
cffical  sacs  on  the  stomach  and  on  the  rest  of  the  intestine,  which 
are  variously  complicated  in  number  and  arrangement.  When  the 
length  of  the  alimentary  canal  is*  greater  than  that  of  the  body,  it 
is  arranged  in  ascending  and  descending  loops,  or  in  coils,  and  so 
adapted  to  the  size  of  the  cavity  in  which  it  is  contained.  Both  the 
quantity  and  quality  of  the  food  ingested  is  of  the  greatest  import- 
ance as  affecting  all  these  relations  of  parts;  and  nowhere  is  the 
adaptation  of  the  organ  to  its  function-^which  results  from  the 
mode  of  life  of  the  animal — more  clearly  seen  than  in  the  arrange- 
ments of  the  alimentary  canal. 

Secretory  organs  are  generally  connected  with  the  alimentary 
canal,  to  aid  in  the  process  of  digestion ;  their  products  dissolve, 
and  act  on  the  nutrient  matter  by  chemical  change.  Glands  of 
this  kind  are  sometimes  distributed  over  the  whole  canal,  and  some- 
times distinguish  certain  portions  of  it  only.  In  their  simplest  form 
they  are  not  differentiated  from  the  enteric  wail,  and  in  that  case 
are  not  distinctly  marked-off  parts.  Those  marked  off  from  the  wall 
of  the  enteron  are  separated  into  two  chief  divisions.  One  of  them 
comprises  the  glands  which  open  in  the  buccal  cavity,  or  its  neigh- 
bourhood, and  are  distinguished  as  salivary  glands.  Another 
group  is  formed  in  the  portion  which  serves  for  digestion,  and  is 
regarded  as  a  bile-producing  organ,  a  liver.  It  is  right  to  note  that 
the  distinguishing  of  these  organs  by  names  which  are  applied  to 
organs  of  higher  organisms^  physiologically  better  understood,  is 
merely  hypothetiea!,  for  nothitig  is  known  of  the  physiology  of 
most  of  the  organs  of  the  lower  animals.  This  holds  especially  for 
the  epithelium  of  the  gut,  which  generally  appears  coloured,  and 
which  is  often  called  the  "  liver.^'  This  organ  appears  under  the  form 
of  an  epithelium,  lining  a  part  of  the  digestive  cavity  in  the  Coelen- 
terata,  in  many  Vermes,  and  even  in  Insects,  till  at  last  it  becomes 
limited  to  definite  csecal  appendages  of  the  alimentary  canal,  and  so 
attains  to  the  lowest  grade  of  independence*     The  liver  presents 
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itself  from  tliis  point  onwarda  either  in  the  form  of  numerous 
follicles,  which  beset  a  large  portion  of  the  canal,  or  it  forms  a  large 
group  of  glands,  which  open  separately  or  together  into  the 
alimentary  canuL  The  diiTerentiation  of  the  liver  leads  to  a  gradual 
separation  of  that  organ  from  the  digestive  tube,  so  that  fiimlly  it  is 

^ merely  connected  to  the  canal  by  its  ducts  (higher  Mollusca,  Verte- 
brata). 
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Eeeplratory  Organs  of  the  Eateron, 
§  42, 


The  general  differentiationa  of  the  primitive  gut  (archenteron), 
formed  by  the  cndodemi,  which  have  been  already  mentioned,  give 
rise,  in  obedience  to  the  principle  of  division  of  kbonr,  to  organs 
which  serve  for  the  ingestion  and  digestion  of  nutrient  matters; 
these  do  not  confer  uny  essentially  new  functions  on  the  gut.  But 
such  a  new  function  does  appear  when  the  gut  acquires  relations  to 
respiration.  It  is  not  certain  whether  thi.-^  function  obtains  in  the 
primitive  gat,  although  this  is  probable,  for  the  endodenn  is  bat  hod 
by  the  surrounding  medium^  like  the  outer  kyer  of  the  body,  while 
the  water  which  is  taken  in  with  the  food  may  servo  for  respiration. 
The  relation  becomes  much  more  definite  when  we  note  the  regular 
streaming  in  of  water  into  the  rectum,  which  obtains  in  many 
Vermes  and  MolUisca.  This  phtenomenou  is  an  indication  of  the 
respiratory  function  of  the  gut,  but  has  no  bearing  upon  the  forma- 
tion of  distinct  respimtoiy  organs^  which  arc  differentiated  from  the 
digestive  tube. 

Such  a  respiratory  organ  is  brought  into  existence  in  the  most 
anterior  portion  of  the  gut,  by  its  walls  being  broken  through  by 
lateral  pores ;  by  special  relations  of  the^e  pores  to  the  vascular 
system  it  acquires  a  respiratory  significance.  Tliia  arrangement, 
which  already  makes  its  appearance  in  the  lower  divisions^  oceora 
again  in  the  Vertcbrata.  Processes,  known  as  branchiae,  in  which 
the  respiratory  vascular  network  is  distributed,  arise  on  the  walls  of 
the  clefts  of  this  cavity.  A  region  of  the  primitive  digestive  tubo 
ia  thus  converted  into  a  special  portion,  a  branchial  cavity,  at  the 
hinder  end  of  which  the  tube  %vhich  serves  exclusively  for  uutritiou 
commences- 

Another  form  of  respiratory  organ  ia  developed  from  the  wall 
of  the  gut,  in  the  form  of  a  diverticular  outgrowth  of  the  anterior 
portion  of  that  organ.  This  appendage  of  the  gut  is  fdled  with  air, 
and  in  fishes  has  merely  a  hydrostatic  function.  As  the  relations 
of  the  circulation  become  changed  it  is  gi-adually  converted  into  a 
respiratory  organ,  and  becomes  the  lungs;  in  tho  higlier  divisions 
of  tlie  Vertebrata  new  organs,  namely,  those  for  the  production  of 
a  Toioe^  are  developed  on  the  passages  leading  into  it. 
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i)  Vascular  System. 
§43. 

The  substances  prepared  by  the  digestive  process  for  the 
nourishment  of  the  body  are,  in  the  lowest  organisms  which  take 
in  solid  food,  merely  distributed  from  the  digestive  spaces  into  the 
protoplasm  of  the  body.  When  a  distinct  digestive  tube  is  formed, 
nutriment  passes  through  its  walls  straight  into  the  parenchyma  of 
the  body,  so  that  the  mesoderm  and  ectoderm,  with  the  organs 
differentiated  from  them,  are  nourished  by  the  endoderm.  This  is 
characteristic  of  the  Coolenterata  and  some  groups  of  Vermes.  In 
many  others  a  dividing  of  the  mesoderm  occurs,  which  takes  the 
form  either  of  canalicular  cavities,  or  of  a  complete  splitting  of  the 
mesoderm  into  an  outer  plate  attached  to  the  ectoderm,  and  an 
inner  one  attached  to  the  endoderm.  Between  these  dermal  and 
gastric  layers  of  the  mesoderm  is  the  body- cavity,  or  perienteric- 
cavity  (coolom),  in  which  a  fluid,  to  be  regarded  as  the  nutrient 
fluid,  is  collected.  When  morphological  elements  are  found  in  this 
fluid,  they  are  derived  from  the  cells  of  the  mesoderm.  This  fluid 
is  not  at  first  exclusively  nutrient ;  it  also  subserves  locomotion,  by 
swelling  out  different  parts  of  the  body  at  the  will  of  the  animal. 
An  important  function  of  this  kind  is  also  played  by  the  water,  which 
in  many  cases  is  taken  into  the  ccelom  from  the  exterior. 

The  movement  of  the  fluid  in  the  general  cavity  of  the  ccelom  is 
at  first  effected  by  the  movements  of  the  body.  Contractions  and 
expansions  of  the  body-wall  cause  the  fluid  which  is  shut  in  by  the 
dermo-muscular  tube  to  continually  change  its  position ;  this  may 
be  regarded  as  the  lowest  form  of  a  circulation  of  the  blood. 
In  this  case  the  passages  have  not  special  walls,  nor  are  there  any 
special  arrangements  for  regulating  the  circulation. 

This  simple  condition  persists  in  many  divisions  in  which  the 
coolom  is  developed  (Bryozoa);  in  others  canalicular  cavities  arise, 
which  are  arranged  regularly,  and  have  the  form  of  vessels,  and 
may  undergo  further  complications.  Their  contents  form  the  h^mal 
fluid  or  blood  (Nemertines).  When  in  addition  to  these  vessels 
a  perienteric-cavity  is  formed,  the  vascular  system,  which  is  partly 
enclosed  in  it,  is  either  completely  shut  off  from  it  (many  Annelida)^ 
or  is  placed  freely  in  communication  with  it  at  one  or  more  points 
(Mollusca,  Artliropoda,  Vertebrata).  In  the  latter  case  the 
vascular  cavities  must  have  arisen  as  portions  of  the  body-cavity, 
while  in  the  former  case  the  body-cavity  was  not  formed  until  after 
the  vessels.  The  formation  of  the  body-cavity  is  therefore,  in  the 
case  exemplified  by  the  Annelids,  to  be  regarded  as  a  secondary 
process ;  and  the  formation  of  a  hollow  space  in  the  mesoderm  has 
accordingly  led  to  two  different  results  successively;  on  the  first 
occasion  to  the  formation  of  blood  vessels,  on  the  second  occasion  to 
the  formation  of  a  body-cavity. 
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§  44. 

Certain  portions  of  the  lioHow  cavitary  system,  which  forms  the 
ha3mal  passages,  are  converted  into  contractile  vcssek  by  tho 
development  of  muscles  in  thoir  walls.  Tho  eariiest  circulatory 
system  arises  by  these  produciug  by  rhythmical  action  tho  regular 
in-and-out  flow  of  the  blood.  But  the  direction  of  the  stream  of 
blood  Ls  not  yet  constant;  it  can  be  driven  first  to  one  side  and  then 
to  the  other.  The  portions  of  the  va^scnlar  system  which  are  dis- 
tinguished by  their  greater  confcractOifcy  arc  sometimes  extended 
over  a  large  siirfacej  and  sometimes  limited  to  shorter  parts*  They 
are  the  beginning  of  the  formation  of  a  heart. 

The  heart  is  therefore  an  organ  differentiated  from  the  blood- 
vascular  passages,  and  in  its  simplest  form  is  a  portion  of  the  vessels 
which  is  able  to  move  its  contents  in  two  directions.  It  is  ouly 
when  valves  appear  at  the  ostia  of  the  cardiac  tube,  that  tho 
direction  of  the  flow  is  delincd ;  tho  s  true  tore  of  the  heart  thus  be- 
comes complicated,  and  is  further  elaborated  by  being  divided 
internally  into  separate  portions  {ventricles  and  auricles).  Contractile 
organs  of  this  kind  often  appear  as  the  only  differentiated  parts  of 
tho  blood -vascnlar  system,  formed  from  the  cavity  of  tho  ccelom.  The 
blood  passes  dii'ectly  from  the  heart  into  lacunar  portions  of  the 
ccclom,  between  tho  different  organs,  and  from  thence  back  again 
to  the  heart  (Arttropoda),  or  there  are  definite  vessels  going  off 
from  tho  heart,  which  sometimes  traverse  the  body  in  tho  place  of 
tho  hollow  cavity,  or  only  partially  replace  the  lacunar  passage, 
in  that  they  do  not  on  their  way  back  to  the  heart  reach  it  as 
vessels,  but  into  lacunar  spaces.  In  this  case  the  cavity  of 
the  coelum  shows  itself  as  a  portion  of  the  blood  passage,  which  is 
only  partly  represented  by  true  vessels  (Mollnsca),  \VTiere  the 
vessels  are  completely  developed  and  the  heart  differentiated,  the 
vascalar  system  is  divided  into  throe  parts.  That  which  leads  from 
the  heart  and  distributes  the  blood  in  the  body  is  called  the  arterial, 
and  its  vessels  arteries*  The  passage  which  takes  the  blood  back 
to  the  centre  of  the  circulation  is  formed  by  the  veins,  and  the 
part  of  the  passage  which  lies  between  the  afferent  and  efferent  vessels, 
forms  a  network  of  extremely  fine  canaliculi  (capillaries).  This 
intermediate  portion  is  very  frequently  replaced  by  a  lacunar  system, 
in  which  case  tho  grctater  number  of  the  venous  passages  also  have 
no  special  walls. 

It  Ls  very  often  diflicult  to  say  what  should  be  i-egardod  as  a 
vessel  and  what  as  a  lacuna,  and  the  distinction  often  depends  on 
very  unimportant  points.  It  is  not  sufficient  to  say  that  the  essen- 
tial character  of  a  vessel  is  the  investment  of  a  cavity  by  flattened 
elements  derived  from  modified  connective  tissue,  for  these  elements 
might  just  OS  fairly  be  regarded  as  the  coverhig  of  the  other  organs 
which  wall  in  these  spaces ;  it  is  therefore  questionable  to  call  wide 
internal  cavities,  invested  by  such  cells^  ^Wessels.''^     This  cannot 
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indeed  be  regarded  as  the  sole  criterioD,  and  it  should  only  haye 
weight  when  considered  together  with  the  greater  or  less  regularity 
of  the  lumen.  But  in  examining  this  qnestion  we  must  bear  in 
mind  one  thing ;  namely^  that  in  all  these  cases  we  have  to  do  with 
spaces  which  arc  waOed  in  by  connective  Bubstancesj  and  that 
vessels  are  differentiations  of  these  spaces,  and  therefore  presuppose 
an  indifferent  coudition*  Between  the  two  stages,  the  differentiated 
and  the  undifferentiated,  there  are  all  kinds  o£  intermediato  steps. 


k)  Reproductive   Organs. 
§45. 

The  phcenomenon  of  the  multiplication  of  the  individual  is 
primitively  closely  connected  with  nutrition.  Not  only  is  nutrition 
the  cause  of  the  growth  and  consequent  increase  in  size  of  the  body, 
but  it  gives  rise  to  a  condition  in  which  tha  organism  converts  the 
excess  of  nutrient  material  brought  to  it  into  the  means  for  pro- 
dnciug  a  new  individual  In  the  lower  forms,  as  in  elementary 
organisms,  a  process  bc^ginning  with  gemmation,  and  leading  on 
to  fission,  ia  a  very  common  phaononienon.  The  mauner  in  which 
multiplication  is  effected  varies  with  the  amount  of  material  which 
is  used  by  an  organism  in  producing  a  new  organism. 

The  pbfenomena  of  multiplication  by  gemmation  and  spore-for- 
mation, which  are  so  common  in  the  lower  divisions  of  the  Inverte- 
hrata,  have  some  relations  to  sexual  differentiation,  which  indeed 
does  occur  among  the  Protista*  It  is  derived  from  a  stage  in  which 
two  similar  germ-cells  fuse  to  form  a  new  organism  (Conjuga- 
tion).  As  the  two  uniting  cells  become  gradually  dissimilar  they 
become  distinguished  into  egg- cells  and  sperm-cells;  these  are 
the  morphological  elements  of  the  sexual  reproductive  matter 
thi*oughout  the  whole  Animal  Kingdom^  notwithstanding  their 
numerous  modifications,  which  are  seen  most  markedly  in  the 
seminal  cells.  While  tlie  ovum  retains  its  most  essential  charactei's, 
and  can  be  recognised  as  such  in  every  division,  the  seminal  cell 
very  early  undergoes  considerable  changes.  Like  other  cells  it  gets 
a  flagellate  process,  which  may  be  greatly  developed,  while  the  cell- 
body  and  its  nucleus  are  so  I'edaced  that  they  ordinarily  form  a 
fttrncture  of  no  great  size.  In  this  way  filamentoas  structures- 
spermatozoa — are  formed  from  the  seminal  cell.  Sexual  Repro- 
duction^  theUj  does  not  exhibit  a  real  contrast  to  the  asexual. 
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We  do  not  exactly  know  in  all  cases  what  are  the  relations 
between  the  place  where  the  reproductive  matters  are  formed  and 
the  early  rudiments  of  the  body,  but  from  what  has  been  observed 
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in  certain  Ccelonterata  and  Molluscs  we  may  suppose  that  primi- 
tively the  relations  of  the  two  are  very  different^  for  in  these  forms 
the  ova  are  derived  from  the  endoderm,  and  the  sperm  from  the 
ectoderm.  The  endoderm  is,  thereto re^  the  female,  aud  the  ectoderm 
the  male  germinfd  layer.  But  it  ia  not  yet  known  Low  far  these 
relations  obtain  among  the  higher  animals.  As  yet  there  are  only 
uncertain  indications,  but  these  speak  to  a  general  agreement  with 
the  results  already  obtained. 

The  parts  of  the  body  which  are  set  apart  for  the  formation 
of  the  sexual  products  gradually  take  on  the  form  of  glands.  This 
is  a  further  step  in  differentiation,  and  is  connected  with  the  local- 
isation of  the  function. 

In  the  simplest  cases  the  two  kinds  of  generative  prodncts  are 
formed  in  special  parts  of  the  body,  which  function  as  ^exnal  organs 
(reproductive  glands);  but  these  parts  are  not  at  first  distinguished 
by  any  special  characters.  The  organs  which  produce  the  semen  are 
called  testes,  and  those  which  produce  ova,  ovaries.  Going  a 
bitep  further^  we  find  the  reproductive  glands  still  further  differen- 
Ftiated.  In  their  simplest  condition  the  products  of  these  organa 
merely  break  away  from  the  spot  where  they  are  formed^  and  pass 
into  the  digestive  sac,  or  into  the  body-cavity^  or  even  directly  to 
the  exterior.  Gradonlly,  however,  ducts,  which  are  often  very  com- 
ph'cated  in  character^  are  added  on  r  it  is  probable  that  these  ducts 
are  not  primitively  connected  with  the  germinal  glands.  Wliei^e 
these  ducts  can  be  seen  to  have  any  relations  to  other  organs,  these 
appear  to  bo  excretory  organs  (§  40}  which  have  entered  into  the 
service  of  the  genital  organs,  and  have  been  altered  so  as  to 
correspond  to  this  function.  It  becomes  a  great  question  whether 
the  excretory  ducts  of  the  reproductive  matter  are  not  in  all  cases 
excretory  organs*  Receptacles  which  serve  for  the  collection  of 
the  sperm  are  formed  on  the  outlet-tubes  (seminal  ducts)  of  the 
organs  which  produce  the  sperm;  from  the  wall  of  these  canals 
glands  are  differentiated,  which  secrete  a  fluid  to  be  mixed  witli  the 
sperm ;  finally,  there  are  armngemonts  for  pnssing  the  sperm  into 
the  system  of  the  other  sex  (copulatory  organs).  The  differen- 
tiations of  the  egg- forming  organ  are  no  less  varied ;  the  duct 
(oviduct)  of  the  ovary  is  provided  with  dilatations,  in  which  the 
ova  get  special  envelopes,  or  are  further  developed.  These  portions 
of  the  oviduct  are  called  the  uterus.  Special  glands.  Yolk 
glands,  are  formed  from  the  ovary,  and  secrete  a  substance  which 
is  either  taken  up  by  the  ovum  or  which  merely  forms  an  envelope 
for  it.  Appended  organs  receive  the  semen  which  is  passed  in 
copulation,  and  are  known  as  re eep taenia  seminis^  lastly,  other 
1 1  arts  serve  for  the  reception  of  the  copulatory  organ,  or  for  the 
deposition  or  preservation  of  the  ova. 

The  relation  of  the  egg-forinijig  and  sperm-forming  organs  to 
one  another  varies  greatly,  and  must  be  considered  from  the  stand- 
point of  differentiation.  In  the  lower  divisions  organs  of  both 
kinds  are  united  with  one  another,  sometimes  in  such  a  way  that  one 
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and  the  samo  gland  pFodacea  both  semen  and  ova  (hermaphrodite 
gland).  The  ducts,  also,  are  often  more  or  less  common  to  them 
both.  But  in  other  forms  the  genital  organ  is  divided,  the  products 
of  its  two  part8  being  different ;  testes  and  ovaries,  that  is,  are 
present  as  separate  organs,  the  excretory  organs  of  which  only  aro 
united  more  or  less  extensively;  or  each  of  them  may  have  its 
sepamte  orifice.  All  those  animals  which  unite  in  themselves  both 
kinds  of  reprochictive  organs  are  known  as  Hermaphrodites, 
A  separation  of  sexes  is  apparently  foreshadowed  in  various  forms, 
by  the  alternating  activity  of  the  organs,  at  one  time  the  egg- 
forming  and  at  another  time  the  sperm-forming  organ  exercising  its 
function. 

The  hermaphrodite  stage  is  the  lower,  and  the  condition  of  dis- 
tinct sexes  has  been  derived  from  it.  This  change  is  due  to  the 
decrease  in  si^e  of  one  or  the  other  organ,  so  that  hermaphroditism 
is  the  precursor  of  sexual  differentiation.  This  differentiation,  by 
the  reduction  of  one  kind  of  sexual  apparatus,  takes  place  at  very 
different  stages  in  the  development  of  the  organism,  and  often  when 
the  sexual  organs  have  attained  a  very  high  degree  of  differentiation. 
In  these  cases  ontogeny  exhibits  the  two  kinds  of  organs  primitively 
united,  and  so  canses  the  individual  to  be  hermaphrodite  at  a  certain 
stage  in  development. 

The  separation  of  the  sexes  affects  the  whole  of  the  organism, 
for  it  produces  a  series  of  changes  in  each  sex,  which  affect  organs 
that  Bad  primitively  little  to  do  with  the  sexual  function.  Sexual 
differentiation  is  completed  when  the  two  kinds  of  organs  are 
given  over  to  different  individuals.  Theneeforward  for  reproduction, 
not  only  two  different  substances,  semen  and  ova,  and  two  different 
organs  for  producing  them,  aro  necessary,  but  also  two  individuals; 
these  are  distinguished  as  male  and  female. 


Changes  in  the  Organs. 


Development  and  Degeneration, 

§  47. 

The  result  of  the  continued  differentiation  of  a  given  organ  is  a 
complication  by  which  the  organ  is  removed  proportionately  further 
from  its  primitive  eonJition.  A.s  the  priuutive  condition  is  the  lower 
difforeritiiition,  it  entails  a  i>orfce  ti  ng  corresponding  to  a  higher  con- 
dition. Tlii^?  is  clear  on  the  principle  of  tJivisinn  of  labour,  which  is 
the  cause  of  all  differentiation  (cf,  §  12).  In  obedience  to  this  law 
a  function  can  be  the  more  perfectly  carried  out,  the  more  exclu- 
sively the  organ  is  related  to  that  f auction.  The  more  an  organ  is 
exercised  for  one  function  only,  the  more  suitable  are  the  conditions 
for  its  development  in  one  direction,  for  there  is  no  competition  with 


ri 


BEVELOP^IEFT  AND  PEGENEBATIOK. 


66 


other  directions  of  development.  A  limb  which  is  a  gill  too,  that  is 
which  has  both  locomotiTO  mid  respiratory  faoctions^  is  of  a  lower 
grade  than  an  arrangenient  resulting  from  a  division  of  the  two 
functions,  in  which  a  part  separated  off  from  the  appendage  repre- 
sents a  gill,  and  the  rest  an  organ  of  locomotion.  \Vlien  the  functions 
are  united,  locomotion  is  necessary  for  respiration^  but  wlien  they 
are  separated,  they  arc  independent  of  one  another,  and  respiration 
is  effected  without  the  aid  of  locomotion,  by  tho  development  of 
■  Bpecial  organs  for  clianging  tho  water,  these  organs  so  far  taking 
pine  place  of  locomotion.  In  both  organs  tho  independence  which  is 
necessary  for  their  further  development  in  one  direction  is  gained. 

The  organs  of  the  body  are  not  always  developed  to  the  same 
extent.  One  or  another  often  remains  in  a  lower  condition,  and  so 
^retains  its  more  lowly  character  in  an  otherwise  highly  differentiated 
■orgamsm.  It  is  not  therefore  wii^o  to  draw  any  conclusions  as  to 
the  extent  of  tho  differentiation  of  single  organs  from  that  of  the 
organism  itself;  it  is  better  to  judge  organs  by  comparing  them 
with  equivalent  organs  in  other  organisms. 

The  real  factor  in  the  development  of  an  organ  by  differentiation 
must  be  sought  for  in  the  increased  or  modified  function  of  the  organ 
io  the  struggle  for  existence,  that  is  in  its  adaptations  to  the  ex- 
ternal conditions  of  life.  It  is  hence  that  transmission  acquires  its 
importance,  since  it  not  otily  causes  a  perpetuation  of  inherited 
characters,  bat  is  enabled  to  effect  an  elevation  in  those  characters. 
Degeneration  or  reduction  is  another  constaot  phn^nomenon 
which  is  dependent  on  differentiation,  inasmuch  as  it  presupposes  it. 
Its  result  is,  in  itself,  the  exact  opposite  to  that  of  differentiation.  For 
w^hile  differentiation  is  the  cause  of  complications,  reduction  is  the 
cause  of  simplifications  of  the  organism,  and  is  therefore  the  cause 
of  organs  or  of  organisms  passing  to  a  relatively  lower  stage.  With 
regard,  however,  to  the  general  organism,  and  its  relation  to  other 
organisms,  it  produces  the  same  effect  as  differentiation,  for  it  leads 
to  variety  in  form. 

Redaction,  like  differentiation,  varies  in  degree;  it  may  affect 
separate  portions  of  the  body,  or  gi'oupa  of  organs,  or  finally  the 
whole  of  tho  body.  It  is  different,  again,  according  as  it  affects 
the  individual,  tho  species,  or  the  genus.  In  one  case  it  may  be 
seen  to  be  a  definite  process,  in  another  a  condition,  which  can  only 
be  assigned  its  place  as  one  of  tho  several  stages  of  such  a  process 
by  the  aid  of  a  comparative  series  of  allied  forms.  It  may  affect 
organs  in  two  different  ways.  The  affected  organ  may  bo  in- 
dependent of  the  general  airangements  which  obtain  in  the  de- 
veloped organism  to  which  it  belongs,  and  then  rednctio!!  has  but 
a  transitory  or  provisional  signification*  Reductions  of  this  kind 
during  the  course  of  the  development  produce  simplifications,  but  as 
the  differentiation  which  is  going  on  in  other  parts  may  be  producing 
new  and  higher  organs,  this  rednetion  does  not  hold  the  organism 
back,  but  is  a  cause  rather  of  the  progress  of  differentiation  in 
another  direction.     Tlin  reduction  rif  parts  which  bcloug  to  certain 
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developmontnl  stages  in  the  indiyidual  aro  examples  of  tliis  kind  of 
reduction  {Larval  orgatis).     {Cf.  §  5*) 

The  otier  kind  of  reduction  affects  organs  which  belong  to  the 
developed  organism  or  its  rudiments*  It  may  affect  the  fully 
formed  and  completely  functional  organ  as  well  as  one  just  laid 
down  J  and  in  the  primary  state  of  diJTorontijttion,  The  process  of 
reduction  is  seen  therefore  in  varions  degrees  of  intensity.  The 
process  is  often  difficult  to  perceive  amid  the  various  other  processes 
of  differentiation  which  are  affecting  the  re^t  of  tho  organism  when 
the  organ  affected  is  only  jnst  making  its  appearance  :  the  further, 
however,  differentiation  has  gone,  the  more  striking  must  the 
process  be. 

The  reduction  of  an  ca'gan  is  necessarily  connected  with  its 
function,  a  change  in  which  innst  bo  regarded  as  the  cause  of  the 
reduction.  Loss  of  function  produces  retrograde  changes  in  an 
orgauj  but  of  course  neither  process  is  a  sudden  one. 

Although  reduction  is,  on  the  whole^  the  cause  of  the  simplifica- 
tion of  an  organ,  and  therefore  of  the  organism  alsOj  it  is  not  a 
phEenomenon  which  makes  the  organism  absolutely  lower  in  degree. 
Reduction  may  rather  lead  to  a  higher  difTerentiationj  as  it  does  when 
larval  organs  are  removed;  it  may  give  rise  to  higher  forms  even  in 
whole  series  of  organisms  derived  from  one  another,  by  facilitating 
the  higher  development  of  those  not  affected  by  it.  In  this  case 
again  reduction  precedes  differentiation.  This  is  strikingly  seen  in 
tho  numerical  relations  of  parts^  which  become  individually  moi-o 
perfect  as  they  diminish  in  number. 

As  reduction  is  a  gradual  process,  tho  organs  which  are  affected 
by  it  may  be  met  with  in  various  stages.  These  rudimentary 
organs  are  moat  significant  indications  of  genetic  relations,  while 
they  at  tho  same  time  show  us  how  an  organ  which  has  lost  its 
primitive  function,  and  which  may  even  have  no  intelligible  signifi- 
cation as  regards  the  purposes  of  tho  organism,  may  persist  for 
a  YQTj  long  time  bofure  it  completely  disappears.     (Cf.  supra,  §  <».) 

Keduction  may  affect  every  organic  system  and  be  observable  in 
every  part  of  it.  It  is  expressed  in  the  form  as  well  as  in  the  size 
and  number  of  tho  parts,  and  even  in  their  histological  characters. 
Its  conditions  are  to  bo  sought  for,  first  of  all,  in  the  relations 
which  alter  the  organism.  According  to  the  number  of  organs 
affected,  reduction  is  more  or  less  manifest  in  the  organism  as  a 
whole. 

Inasmuch  as  comparison  everywhere  reveals  to  us  evidence  of 
either  progressive  or  of  retrogressive  change,  we  may  regard  the 
organism  as  a  thing  caught  in  the  act  of  moving^  as  arrested  in 
the  midst  of  a  career  through  tho  most  diverse  ranges  of  form* 
The  changes  of  the  various  organs,  and  the  pha^nomena  which  are 
observed  in  the  elementary  structure  in  the  cell,  arc  what  make  up 
this  movement. 
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Correlation  of  Organs. 

§  48. 

Tlie  cliaDgcs  in  the  organism  whicli  are  duo  to  differentiation 
and  rodnctiou  are  the  cause  of  a  fresh  series  of  phaQooniena  in  the 
factors  which  gave  rise  to  them.  From  the  conception  that  life  is 
the  harmonious  expression  of  a  collection  of  phsenomena  regularly 
conditioned^  it  foUowa  that  the  activity  of  an  organ  cannot  bo 
regarded  as  really  existing  for  itself  alone. 

Every  kind  of  arrangement  presupposes  a  series  of  other  arrange- 
ments; every  organ,  thereforej  must  have  intimate  rclationB  with 
the  rest,  and  be  more  or  loss  dependent  on  others.     Every  niovc- 

;  ment  in  a  mnsclo  presupposes  the  existence  o£  a  nerve ;  and  both 
of  these  organs  presuppose  the  existence  of  a  nutrient  system. 
In  this  way  one  function  has  an  intimate  connection  with  other 
apparently  dissirailar  functions.  This  relation,  which  was  first  defi- 
nitely pointed  out  by  Cuvierj  and  which  is  knowTi  as  Correlation, 

iBhowa  us  the  road  by  which  wo  can  attain  to  a  correct  appreciation 
of  animal  organisation.  By  far  the  most  important  point  is  the 
conception  of  the  organism  as  an  individual  whole,  which  is  as  much 
conditioned  by  its  parts,  as  one  part  is  conditioned  by  otherR. 
Correlation  is  a  necessary  result  of  this  conception. 

Not  only  the  general  an-angoments  of  the  organisation,  but  also 
its  apparently  more  subordinate  features,  exhibit  intimate  relations 
with  one  another,  and  a  change  which  affects  one  system  of  organs, 
simultaneously  produces  modifications  in  some  of  the  other  organs. 
These  are  adaptations  to  changes,  which  themselves  are  duo  to 
adaptations.  They  are,  however,  of  a  secondary  character,  wbile 
those  which  are  of  a  primary  character  have  their  origin  in  the 
outer  world* 

Correlation  may  be  divided  into  the  more  and  the  less  remote ; 
where  less  remote  it  is  expressed  in  one  system  of  organs  or  in 
other  systems  functionally  connected  with  this ;  wdien  more 
remote,  in  organs  which  are  functionally  less  related  to  it.  Physio- 
logical principles  are  essential  in  the  investigation  of  correlation, 
and  it  is  necessary,  tlierofore,  to  know  what  aro  the  functions  of 
separate  organs,  or  at  least  w^hat  their  value  is  in  the  animal 
economy,  in  order  to  be  able  to  recognise  it.  So,  too,  it  is  of  im- 
portance to  know  what  are  the  habits  of  the  animnl,  for  the  original 
foiTes,  on  which  the  various  relations  of  the  organs  depend,  are  due 
to  them. 

As  the  forces  which  cause  changes  in  the  organism  either  lie 
without  the  organism,  or,  as  most  of  them,  are  to  be  sought  for 
without  it,  they  do  not  come  within  the  scope  of  our  work.  Com- 
parative Anatomy,  therefore,  is  limited  all  round  by  a  wido  hut 
uncultivated  region,  in  which  rich  harvests  may  be  gathered  for 
biological  science,  whenever  its  treatment  is  taken  in  hand. 
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Fundamental  Fonns  of  the  Ammal  Body. 

§  49. 

OwiBg  to  tlie  infinite  variety  of  tlie  external  characters  of  animal 
organisms,  it  is  necessary  to  seek  for  fundamental  forms  to  wliich 
this  varietj  may  Lo  re£en*ed.  We  must  also  ascertain  the  con- 
ditions which  influence  and  give  rise  to  the  most  important  modifi- 
cations of  these  forms,  Theso  results  may  be  obtained  in  different 
ways.  Wo. will  choose  the  shortest  by  commencing  with  the  lowest 
st4ige  of  the  animal  organism. 

This  is  the  stage  which  the  Gastrula  form  presents  to  ns  ;  by  its 
wide  distribution  this  form  will  provide  iis  with  the  characters  which 
are  best  adapted  for  our  puri>ose.  An  organism  at  this  stage  is  some- 
what spherical  or  oval  in  shape,  and  tho  month 
will  be  found  at  a  point  on  the  surface. 

If  we  imagine  an  axis  (Fig.  16,  J.  B)  drawn 
straight  through  the  digestive  cavity,  the  pole 
corresponding  to  the  opening  of  the  mouth 
represents  the  oral,  and  the  opposite  the  aboral 
pole*  This  axis  {AB)  is  the  primary  axis 
of  the  body.  In  a  body  of  a  regular  cylin- 
drical or  spheroidal  shape  wo  can  imagine  aa 
many  lines  as  we  please  drawn  through  the 
body  perpendicular  to  this  axis,  (Secondary 
axes,  ah^  c  d.]  In  this  instance  they  are  all 
equivalent,  Tho  secondary  axes  are  in  this 
case  indifferent  to  one  another,  and  are  cha- 
racteristic of  a  lower  condition.  The  organism, 
either  when  moving  fi-eely  in  the  water,  or 
when  fixed  {by  tho  aboral  polo,  of  course),  as 
it  afterwards  is,  is  differentiated  by  the  develop- 
ment of  a  certain  number  of  secondaiy  axes, 
their  development  having  relation  to  the  main- 
tenance of  the  balance  of  the  body.  We  hero, 
then,  have  to  do  with  a  statical  cause*  Tlie 
development  of  the  organism  along  its  secon- 
dary axes  takes  place  through  the  development 
of  external  appendages,  tentacles  and  the  like, 
or  through  difforeutmtion  of  tho  enteric  cavity, 
or  through  tho  laying  down  of  other  organs 
(such  as  the  generative  glands)  m  tho  direction 
of  those  axes.  In  consequence  all  the  conceivable  secondaiy  axes 
are  no  longer  equivalent.  Those  along  which  organs  are  differentiated 
are  distinguished  f rom  the  rest.  They  have  passed,  in  fact,  from  the 
previously  indifferent  condition  to  a  differentiated  one.  Tho  so- 
called  radiate  fundamental-form  of  the  body  which  is  commonly 
found  in  the  Ccelenterata,  arises  in  this  way,  as  may  be  seen  by 
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Fig.  16.  Diftf^ram  of 
the  fixes  of  the  body, 
A  B  Primary  fixia.  a  5, 
c  d  Secondary  axes.  The 
ow(?r  figure  te  a  tmns- 
Bection  of  the 
^lippor  OfiG,  showing  its 
two  flecoudary  axcfl. 
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studying  the  relations  of  the  axes  to  one  another^  as  explained 
above  (cf.  Fig.  17).  The  importance  of  the  mouth  to  the  organism 
causes  the  differen- 
tiations which  obtain 
around  it  to  have  a 
special  value.  These 
differentiations  are  de- 
veloped as  tentacles 
of  various  form,  and 
cause  the  parts  around 
the  mouth  to  be  much 
more  varied  in  cha- 
racter than  those  at 
the  aboral  pole. 

If  the  body  grows 
in  the  direction  of  its 
primary  axis,  without 
becoming  attached  to 
the  ground,  the  axes 
may  acquire  modified 
importance  if  locomo- 
tion in  the  direction  of 
the  animaVs  length  be 
established.  The  pri- 
mary axis  will  remain 
as  before,  but  the 
secondary  axes  will 
necessarily  differ  ac- 
cording to  the  signifi- 
cance of  the  surfaces 
which  they  connect. 
When  one  and  the  same 
surface  always  touches 
the  supporting  object, 
it  becomes  the  ventral 
surface,  and  the  oppo- 
site one  becomes  the  dorsal.  These  two  surfaces,  the  dorsal  and 
the  ventral,  are  placed  under  different  conditions,  and  must  therefore 
be  differentiated  in  different  ways,  while  the  two  sides,  or — when 
the  body  is  perfectly  flattened  out — the  two  lateral  edges  necessarily 
come  to  differ  in  character  from  the  dorsal  and  ventral  surfaces. 

Siich  cases  are  instances  of  the  development  of  only  two 
inequivalent  secondary  axes.  One  connects  the  ventral  and  dorsal 
surfaces,  and  is  the  dorso- ventral  axis  (Fig.  18,  a  h),  the  other 
connects  the  sides  (c  d)  of  the  body,  and  is  the  transverse  axis.  The 
surfaces  which  correspond  to  the  poles  of  the  first  or  dorso-ventral 
axis  are  not,  while  those  which  correspond  to  the  poles  of  the 
transverse  axis  are,  equivalent.  A  primitive  condition  which  has 
disappeared  in  the  dorso-ventral  axis  in  consequence  of  the  differen- 


Fig.  17.  Radiate  fan- 
dfUDiontal  form;  letters 
as  in  Fig.  16.  The  an- 
terior surface  of  the 
body  is  seen  in  the  lower 
figore,  and  shows  the 
appendages  (tentacles) 
which  are  differentiated 
along  the  two  transrerse 
axes. 


Fig.  18.  Diagram  to  show 
the  differentiation  of  the 
secondary  axes.  In  the 
npi)er  figure  a  cephalic 
portion  is  indicated  by 
the  development  of  a  pair 
of  dorsal  tentacles.  The 
lower  is  a  transrerse  sec- 
tion of  the  npper  figure, 
and  the  secondary  axes 
are  consequently  seen  in 
it. 
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tiation  of  its  surfuceSj  is  retained  in  the  case  of  the  transverse  axis. 
Thisj  the  second  forrnj  which  can  be  derived  from  the  Gastrnla^  and 
is  ordinarily  known  as  that  of  bilateral  symmetry,  first  appears  in 
the  Yermesj  and  prevails  in  all  the  divisions  above  them. 

When  the  secondary  axes  of  the  body  retain  their  primitive 
indifferent  character,  wo  may  imagine  that  there  are  as  many  similar 
pieces  in  the  architectural  composition  of  the  body  as  there  are 
possible  secondary  axes.  But  when  the  secondary  axes  become 
differentia tcdj  the  divisions  of  the  body  take  on  a  definite  numerical 
relation.  They  are  known  as  antimeres.  If  two  secondary  axes 
beconjG  differentiated^  and  are  like  in  character,  we  have  four 
antimeres,  for  we  can  divide  the  body  into  fonr  similar  parts^  along 
these  secondary  axes.  Bufc  when  two  unlike  secondary  axes  are 
differontiated  the  body  ia  only  made  up  of  two  antimeres ;  two 
Imlves  of  the  body^  distinguished  as  right  and  leftj  are  the  parts 
corresponding  to  ono  another.  In  this  way  the  eudipleural  fnnda- 
mental  form  is  developed. 


§  50. 

The  differentiation  w^hich  marks  off  the  oral  from  the  aboral  pole, 
and  which  has  been  already  mentioned,  gives  a  higher  significance  to 
the  former  region  of  the  body.  This  differentiation  asserts  itself  in 
other  forma,  as  in  the  primary  radiate  form,  and  in  very  various  ways. 
It  is  not  only  the  presence  of  the  mouth,  which  favours  the 
differentiation  of  organs  aromid  it,  as  organs  for  aiding  in  the 
prehension  or  ingestion  of  food,  but  tbo  greater  significance  of  the 
anterior  end  of  the  body  in  locomotion  is  also  n  cause  of  differen- 
tiation, Tliis  part  takes  the  initiative.  It  has  to  show  the  way  to 
the  rest  of  the  body,  and  often  indeed,  to  load  it ;  it  meets  with  a 
thousand  foreign  objects,  which  it  has  to  examine,  to  follow,  or  to 
avoid.  It  is  therefore  exposed  to  external  influences  other  than 
those  which  act  on  the  opposite  end  of  the  body.  The  dignity  of 
the  relations  of  this  region  explains  how  it  is  that  tbe  mouth  is  not 
by  any  means  always  at  the  anterior  end  of  the  body,  and  that  it 
much  more  frequently  is  placed  close  to  or  even  altogether  on  the 
ventral  surface,  without  the  anterior  end  of  the  body  being  less  highly 
developed.  The  high  specialization  of  the  anterior  region  is  caused 
principally  by  the  development  of  various  kinds  of  sensory  organs, 
and  therefore  of  organs  which  put  the  organism  into  relation  with  the 
outer  world ;  the  region  moreover  often  has  various  organs  of  defence 
connect-ed  with  it^  and  with  it  is  closely  connected  the  developuient 
of  the  central  nervous  system.  The  whole  region  thus  gets  a  higher 
value  in  comparison  with  the  general  organism,  for  it  shelters  and 
carries  the  organs  which  elevate  and  rule  the  latter.  This  anterior 
region  of  tho  body  is  therefore  called  the  head,  or  chief  portion. 
The  ditlerentiation  of  a  head  seems  to  depend  ]irimarily  on  the 
position  of  the  mouth.  This  dii'ccts  the  com'se  of  movement,  and 
to  this,  aa  a  eecondary  cause,  the  anterior  part  of  the  body  owes  its 
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various  distinctions.  The  appearance  of  a  head  is  ais  the  same  time 
a  result  which  affects  the  whole  bodjj  for  tho  body  can  now  bo 
divided  into  two  portions  at  least,  which  differ  in  character. 


Metamerism  of  the  Body, 

§  M. 

The  plauniiig  out  of  the  individual  organism  as  a  single  struc- 
tural entity  Is  only  characteristic  of  lower  conditions  of  development, 
whether  permanent,  as  in  nearly  all  Ccelenterata  and  in  the  lower 
classes  of  Worms,  or  transitory^  as  in  the  higher  diviBions  of  the 
Animal  Kingdom.  SimultaBeonsly  with  the  growth  of  the  body  to  a 
considerable  length,  we  observe  the  begmning  of  tho  division  of 
tho  organism  into  separate  segments,  following  one  on  anotlier, 
noticeable  externally  through  the  occurrence  of  separating  constric- 
tions, or  through  the  regular  distribution  of  appendicidar  structures 
or  processes  of  the  body,  internally  represented  by  the  arrangement 
of  the  organs  in  the  distinct  successive  compartments  of  the  body. 
We  term  this  segmentation  of  the  body  Metamerism;  the  separate 
segments  are  met  a  meres.  The  metamerism  which  thus  breaks 
up  the  body  is  only  a  farther  example  of  differentiation.  From  the 
primitive  homogeneona  indifferent  body  a  heterogeneous,  diversified 
body  is  developed,  and  the  separate  metamcres  differ  from  one 
another ;  not  only  are  they  something  new  in  cumparison  with  the 
earlier  condition,  but  they  are  also — notwithstanding  their  resem- 
blance one  to  another — different  from  one  another,  owing  to  the 
position  which  each  occupies. 

Metamerism  is  not  in  all  cases,  where  it  is  perceptible,  exhibited 
with  equal  clearness.  Somotimeg  it  is  apparent  in  this  or  that 
organ,  or  system  of  organs,  more  than  in  another,  and»  again,  in 
other  organs  may  be  altogether  wanting.  It  is  easy  to  recognise 
very  various  conditions  of  the  commencement  and  of  the  incomplete 
carrying  out  of  tho  process.  Where  we  find  it  in  fullest  develop- 
ment it  dominates  the  whole  organism,  and  is  exhibited  in  all  organs) 
so  that  each  metaraere  possesses  its  individual  system  of  organs, 
and  particular  systems  of  organs  common  to  all  metameres  present 
a  special  differentiation  of  their  structure  in  each  inetamere  (venti-al 
ganglion  chain).  In  this  manner  the  organism  becomes  built  up  of 
many  component  parts.  And  hereupon  we  have  to  take  note  of 
conditions  in  which  independent  importance  is  acquired  by  the 
metameres.  Little  by  little  a  metaraere,  in  virtue  of  the  elaboration 
of  its  own  set  of  organs,  ceases  to  be  dependent  on  the  total 
organism,  emancipates  itself  fi*om  the  commonwealth,  and  gains  the 
capability  of  leading  a  free  existence.  To  this  many  pha3nomena  are 
traceable,  which  are  usual ly  called  gemmation  (Worms), 
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§  52. 

An  efficient  catise  for  metamerism  may  be  sought,  as  has  heen 
above  indicated,  in  the  phsouomena  of  growth.  We  can  imagino  a 
repetition  of  local  outgrowths,  resulting  in  practical  advantage  to  the 
organism,  taking  place  in  particular  systems  of  organs  simultaneoualy 
with  the  elongation  of  the  body.  In  this  way  the  external  meta- 
merism may  be  brought  into  connection  with  the  movement  of  the 
body,  which  was  perhaps  the  earliest  cause  of  this  phienonieuon. 
Many  facts  point  to  ita  being  so.  In  any  case  there  are  numerous 
eatamples  of  the  gradual  elaboration  of  metamerism  without  al! 
systems  of  organs  being  at  once  affected  by  it.  Metamerism  has, 
however,  a  less  doubtful  origin  in  its  connection  with  gemmation, 
which  ia  itself  a  kind  of  growth.  It  seems,  indeed,  in  many  cases,  as 
if  gemmation  led  to  metamerism,  in  such  a  way  that  the  metameres 
represent  buds,  which  remain  connected  with  the  organism,  and  only 
in  some  cases  attain  to  a  higher  stage  of  individual  existence. 
Numerous  instances  of  incomplete  metamerism  prevent  us,  however, 
from  attributing  a  general  significtince  to  this  process,  and  it  cannot 
in  any  sense  be  regarded  as  the  sole  cause  of  metamerism. 

Metamerism  leads  to  perfection  of  the  organism.  By  it 
the  organism  hi  enabled  to  get  a  larger  number  of  organs,  although, 
indeed,  they  are  at  first  mere  repetitions  of  one  and  the  same 
arrangemeoL  As  the  separate  segments  become  more  inJepondent 
their  action  becomes  more  free,  tdl  at  last  the  differentiation  of  a 
larger  number  of  sepamte  organs  gives  a  larger  scope  for  action. 
Differentiation,  then,  gains  gi^ound  in  every  part,  and  alters  the 
Di'gans  of  the  separate  metameros  in  different  ways,  according  as 
their  functions  become  more  various.  By  the  development  and 
re  duct  ion  of  nietameric  organs  the  metameres  get  to  differ  in  value, 
and  become  differentiated  themselves  ;  this  differentiation  is  expressed 
externally  by  the  difference  in  their  size  and  form.  This  leads  to 
the  disappearance  of  the  primitive  similarity  of  the  metameros*  The 
amount,  too,  of  their  independence  may  be  lessened,  and  a  number 
of  primitively  separate  metameres  may  gradually  fuse  into  larger 
divisions,  Tfiis  gives  rise  to  complexes  of  metameres,  in  which  the 
fact  of  their  being  composed  of  separate  units  of  the  body  is  only 
suggested,  and  that  often  faintly ;  sometimes  a  large,  sometimes  a 
small  number  of  segments  undergo  concrescence.  This,  too,  is  on 
the  whole  a  cause  of  differentiation  o£  the  organism,  as  the  body 
consists  in  consequence  of  some  independent  and  of  some  fused 
metameres.  Finally,  metamerism  may  altogether  disappear,  and 
the  presence  of  separate  organs  alone  indicate,  and  that  often 
obscurely,  the  phenomenon  which  obtained  in  the  primitive  state. 
Every  stage  in  metamerism  is  therefore  a  source  of  variation  iu  the 
external  and  internal  organisation  of  the  organism. 
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Comparison  of  Organs. 

§  53. 

The  variations  in  organisation  among  tlie  various  larger  ana 
smaller  divisions  of  the  Animal  Kingdom  are  such  as  to  lead  us,  at 
first  sight,  to  perceive  the  points  of  difference  rather  than  those  of 
agreement.  And  this  is  more  marked  in  proportion  to  the  diver- 
gence between  the  particular  divisions  compared.  It  is,  however, 
the  business  of  Comparative  Anatomy  to  follow  out  the  changes  in 
the  organisation,  and  to  discover  what  is  '^  similar '*  in  the  changed 
and  metamorphosed  forms,  however  deeply  hid  it  may  be.  An 
organ  may  be  '^  similar  '^  to  another  in  one  of  two  ways.  Either 
in  its  functional  relations,  that  is  from  a  physiological  point  of 
view ;  or  in  its  genetic  and  therefore  anatomical  relations,  that  is 
from  a  morphological  point  of  view.  These  two  relations  of  an 
organ  must  be  kept  well  apart.  The  change  of  function  in  one  and 
the  same  organ,  as  well  as  the  similarity  in  arrangement  of  organs 
which  are  morphologically  very  different,  compels  us  to  ascribe  a 
subordinate  value  to  physiological  relations,  when  we  are  comparing 
organs.  The  gills  of  a  Fish,  of  a  Crab,  and  of  a  Cephalopod,  are 
organs  of  respiration,  and  have  many  structural  points  in  common ; 
yet  they  are  very  different  organs  morphologically,  as  the  relations  of 
each  of  the  three  to  the  whole  organism  shows.  By  insisting  on 
similarity  of  function,  we  bring  together  organs  which  are  morpho- 
logically different,  and  so  turn  aside  from  the  object  of  Comparative 
Anatomy.  Wo  distinguish,  accordingly,  physiological  likeness,  or 
Analogy,  from  morphological  likeness,  or  Homology,  and  only 
consider  the  proof  of  the  latter  as  our  task. 

The  smaller  the  division  to  which  the  objects  of  comparison 
belong,  the  more  obvious  is  the  homology.  Homology  therefore 
corresponds  to  the  hypothetical  genetic  relationship.  In  the  more 
or  the  less  clear  homology,  we  have  the  expression  of  the  more  or 
less  intimate  degree  of  relationship.  Blood-relationship  becomes 
dubious  exactly  in  proportion  as  the  proof  of  homologies  is  uncertain. 
It  is  impossible  therefore  to  say  exactly  how  far  homology  extends 
throughout  the  Animal  Kingdom.  As  a  matter  of  fact,  numerous 
investigations  have  discovered  a  larger  number  of  homologous 
arrangements  even  in  otherwise  divergent  groups,  and  have  thereby 
extended  the  boundaries  of  homology  further  than  was  formerly 
thought  possible. 

In  consequence  of  the  existence  of  various  possible  modes  of 
morphological  agreement,  homology  is  divided  into  two  primary 
groups:  General  and  Special  Homology. 
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§  54. 

L  General  Homology  is  under  consideration  when  an  organ 
18  referred  to  a  category  of  organs,  or  wken  a  single  organ  com- 
pared with  another  is  taken  merely  as  the  representative  of  such  a 
category.  These  categories  always  consist  of  several  organs  or 
parts  present  in  the  body.  When  we  compare  the  body-segmentB 
of  an  Annelidj  tho  vertehrte,  or  the  appendEiges  of  aii  animal  with 
one  another,  we  lay  the  foundations  of  general  homology.  This 
agam  consists  of  several  subdivisions,  according  to  the  kind  of 
category  which  is  made  nso  of  in  the  comparison. 

1)  Homotypy  haa  reference  to  organs  which  are  fellows  to  one 
another,  snch  as  tho  organs  of  the  two  sides  of  the  body;  the  right 
kidney  is  homotypical  with  tho  left,  and  the  right  eye  with  the  left 
eye,  and  so  on.  Whilst  these  examples  may  not  show  the  necessity 
for  the  formation  of  this  division,  it  should  be  noticed  in.  addition 
that  homotypical  organs  have  not  always  the  same  charactei^s.  They 
are  often  so  changed  that  their  homotypy  cannot  he  recognised, 
and  has  to  be  worked  out* 

2)  Homodynamy  (equivalent  to  the  general  homology  of  Owen, 
and  partly  also  to  his  serial  homology)  subsists  between  parts  of 
the  body  which  are  affected  liy  a  general  morphological  phGeno- 
menon  serially  e^tpressed  in  the  organism.  Homed vnamy  is  dis- 
tinguished from  the  next  subdivision  hy  the  fact  that  the  parts 
in  question  are  aiTanged  along  the  long  axis  of  the  organism  and 
dell ue  its  type.  The  metameres  therefore  are  homodynQmous  parts; 
as  are  the  segments  of  the  Arthropoda,  the  primitive  vortehrse  of 
tho  Vertebrates,  etc. 

rj)  Homonomy.  This  describes  the  relation  to  one  another 
of  those  parts  which  aro  arranged  along  a  transverse  axis  of  the 
body,  or  in  one  segment  only  of  its  long  a:xis.  The  rays  of  the 
pectoral  and  pelvic  fins  of  fishes,  the  individual  fingers  and  toes 
of  the  higher  vertebrata  are  homonomous  structureSi 

Besides  these  there  are  other  subdivisions  of  general  homology 
distinguishable,  which  are  however  of  very  subordinate  importance. 


§  55, 

IT.  Special  Homology,  Homology  in  the  restricted 
sense.  This  is  tho  name  wo  give  to  the  relations  which  obtain 
between  two  organs  which  have  hnd  a  common  origin,  and  which 
accordingly  have  also  a  ccinimon  embryonic  history.  As  exact 
proofs  of  genetic  relations  are  necessary  for  the  investigation  of 
special  homologies,  this  mode  of  comparison  is  gcnei-ally  limited 
in  the  lower  divisions  of  the  Animnl  Kingdom  to  systems  of  organs; 
it  is  only  in  the  Vert  eh  rata  that  it  is  possible  to  extend  this  method 
to  more  miuute  features*  Thuy  among  the  Vermes  or  the  Mollusca 
we   can    hardly  indicate,  with   any   certainty,  particular  parts   of 
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the  alimentaiy  canal  as  horaologoiia ;  while  in  the  Vertebrata  wo 
cau  confidently  assert  that  even  such  unimportant  structures  as 
the  Cieca  of  the  intestino  from  the  Amphibia  onwards  are  homo- 
logoas.  The  homologies  of  the  parts  of  the  skeleton^  which  are  the 
oi^ns  that  have  been  investigated  with  the  greatest  exactnes.s,  are 
those  which  can  bo  most  definitely  recognised.  It  is  a  large  part 
of  the  main  task  of  Comparative  Anatomy  to  prove  special  homo- 
logies. 

Special  homology  nuist  be  again  separated  into  subdivisions, 
according  as  the  organs  dealt  with  are  essentially  unchanged  in 
their  morphological  characters,  or  are  altered  by  the  addition  or 
removal  of  parts.     I  therefore  distinguish— 

1)  Complete  Homology,  when  the  organ  referred  to  ia 
unchanged  in  position  and  connection,  and  is  still  perfect  however 
much  modified  in  form,  size,  and  various  other  points.  This  kind 
of  homology  is  generally  found  within  the  limits  of  small  divisions, 
less  often  in  larger  ones.  For  example,  the  bones  of  the  upper 
arm  from  the  ilmphibia  to  the  Mammalia,  the  heart  of  the  Amphibia 
and  Reptilia,  etc.,  exhibit  complete  homology, 

2)  Incomplete  Homology,  This  consLsts  herein,  that  an 
organ  which  is  otherwise  completely  homologous  with  another^  has 
other  parts  which  are  wantiog  in  the  latter  added  to  it,  or  conversely, 
when  an  organ  is  wanting  in  some  essential  part  in  comparison  with 
another  organ.  The  heart  of  tho  Vertebrata  may  sei've  as  an 
example.  The  organ  is  homologous  throughout  the  division  from 
the  Cyclostomi  onwards,  but  Ihe  homology  is  incomplete;  for  iu 
Fishes  a  part,  the  venous  sinus,  which  in  the  higher  divisions  is 
taken  into  the  heart,  and  which  in  the  Mammalia  is  absorbed  into 
the  right  auricle^  lies  outside  the  heart.  The  homology  between  the 
heart  of  the  Fish  and  of  tho  Mammal  is  consequently  iucomplctG 
owing  to  addition.  In  another  case  it  may  be  incomplete  owing 
to  diminution.  The  reverse  of  the  previous  case  may  serve  as  an 
example,  were  it  allowable  to  regard  the  heart  of  the  fiah  as  a 
reduced  one.  An  example  is  presented  by  tho  pectoral  fins  of 
fishes*  The  skeleton  of  this  organ  in  the  Ganoidei  or  Teleostei 
is,  owing  to  reduction,  incompletely  homologous  ivith  that  of  the 
Selachi,  Parts  have  iu  this  cjise  disappeared  which  did  primitively 
belong  to  the  organ,  just  as  in  the  former  case  parts,  which  although 
they  were  primitively  present  did  not  belong  to  the  organ,  were 
added  to  it. 


Systematic  Classification  of  the  Ammal  Kingdom. 

§  56. 

In  the  general  organisation  of  every  animal  we  recognise  n 
number  of  arrangements  which  it  has  in  common  with  a  greater  or 
less  number  of  other  animals.     These  relations  are  partly  of  a  more 


66 


COMPAIUTIVE  AIs^ATOMY. 


general  nature,  affecting  the  position  or  aiTangement  of  the  most 
inipoi'tant  systems  of  organB,  and  partly  they  affect  the  special 
development  of  individual  organs;  they  extend  to  agreement'  in 
form^  sizDj  and  nuniber.  The  classifying  spirit  of  man  has  formed 
definite  conceptions  of  these  relations  of  organisms  to  one  another. 
All  those  individuals  which  agree  in  essential  points  he  has  called 
a  speciesj  and  has  nuited  into  a  genus  those  species  which  resemble 
one  another  in  a  number  of  points ;  these  again  he  has  united  into 
larger  divisions,  families,  orders^  and  classes.  Thus  arose  the 
zoological  system^  which^  in  so  far  as  it  unites  what  agree,  and 
separates  what  differ^  has  come  to  be  the  expression  of  onr  general 
knowledge  of  the  Animal  Kingdom. 

In  this  way  the  whole  Animal  Kingdom  can  be  broken  up  into 
several  large  divisions^  each  of  which  differs  from  the  rest  by  a 
number  of  special  characteristics*  The  essential  character  may  b« 
recognised  in  all  the  subdivisions,  and  even  under  great  individual 
variations*  This  has  been  called  the  '^tjpe/'  The  type  then 
means  a  collection  of  characteristics  which  are  expressed  in  the 
organism,  and  which  are  predominant  in  a  large  division  of  the 
Animal  Kingdom,  and  which  are  evident  in  the  com^se  of  develop- 
ment as  well  as  in  the  adult  condition.  Such  larger  divisions  which 
differ  fi^om  others  in  certain  fundamental  points  of  organisation  are 
themselves  called  "  types/^ 

Within  each  type  we  note  a  variation  in  the  characters  of  the 
divisions  which  make  it  up,  and  this  often  to  such  an  extent  that 
what  is  characteiistic  of  the  type  appears  to  be  lost  in  some  forms. 
In  this  case  it  is  always  individual  development  which  enables  us 
to  recognise  the  connection  of  these  forms  with  the  "  type." 

If  we  admit  that  similarity  of  organisation  in  different  individuals 
is  explicable  by  the  fact  that  they  have  a  common  ancestor,  aod  that 
therefore  these  similarities  are  due  to  affinity,  we  must  regard  less 
close  similarities  as  due  to  a  less  close  relationship.  We  therefore 
regard  the  individuals  which  belong  to  one  species  as  more  closely 
allied  than  are  the  representatives  of  different  species,  and  within 
the  limits  of  one  species  we  shall  again  derive  from  common  ancestors 
those  individuals  which  are  distinguished  by  special  characters,  and 
which  we  unite  into  a  sub-species. 

No  one  has  any  hesitation  in  recognising  within  the  limits  of 
small  groups  of  individuals  the  phtunomenon  of  the  continuation  of  the 
peculiarities  of  a  given  organism  into  other  individuals  by  means  of 
transmission;  indeed  it  is  often  possible  to  perceive,  by  direct  ob- 
servatiun,  that  descendants  are  like  their  ancestors.  By  extending 
this  conception  of  affinity  to  a  wider  circle,  and  regarding  what  is 
Cfimmon  in  organisation  as  duo  to  a  common  descent^  and  what  is 
divergent  as  due  to  adaptations,  wo  take  our  stand  on  the  theory 
of  Descent  (cf.  §§4  and  5),  We  consequently  regard  the  large 
divisions  known  as  '^ types,"  as  phyla,  or  leading  branches  of  the 
genealogical  tree,  and  by  so  doing  point  to  the  cause  wdiich  has 
determined  their  existence. 


CLASSIFICATION 
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Within  one  phylum  a  foim  of  animal  organiaatiou  is  evolved 
along  tho  most  varied  lines,  which  gradually  lead  from  the  simple  to 
the  more  complex^  and  from  the  lower  to  the  higher.  The  categories 
which  we  distinguish  as  specieSj  generaj  familiesj  orders,  and 
classes  are  duo  to  continued  differentiation.  These  subdivisions 
correspond  to  the  ramifications  of  the  branch,  and  in  them  the 
ilivergcnce  of  character  is  expressed. 

Tho  differences  between  the  classes,  orders,  and  so  on,  are  so 

.giieat  that  they  do  not  seem  to  have  any  connecting  links  at  all,  but 

^we  must  take  into  consideration  the  fact  that  in  living  forms  we 

have  before  us  only  tho  final  offshoots  of  developmental  series  of 

organisms,  which  have  been  ramified   in  very  various   ways,  and 

wUch  lived  in  earlier  and  often  very  far-distant  periods,  and  which 

havo    gradually   disappeared.     The  palfoontological   record    proves 

this  partly,  though  it  may  be  but  very  slightly.     In  tho  strata  ol  the 

earth  remnants  of  forms  which  have  disappeai*ed,  and  which  were 

tho  predecessors,  and,  in  fact,  the  direct  ancestors,  of  later  living 

I  organisms,  are  preserved.     Inasmuch  as  tho  living  forms  are  but  a 

'small  portion  of  the  whole  world  of  organisms,  which  has  existed  in 

the  course  of  geological  periods  of  development,  we  cannot  expect 

that  far-distant  connections   should  be  always  evident,   the  intor- 

I  mediate  steps  determinable,  and  the  genealogical  connection  mado 

f clear  and  indubitable.     It  is  necessary  to  try  and  put  the  whole 

together  out  of   fragments   and   to  find  lost  traces   of  continuity. 

The  most  important  part  of  the  business  of  Comparative  Anatomy  is 

to  find  indications  of  genetic  connection  in  the  organisation  of  the 

t Animal  body. 

Following  out  this  conception  we  have  to  represent  to  ourselves 

a  developmental  series  of  organisms  arising  in  each  phylum  from  a 

primitive  form,  which  has    been,  during  geological   development^ 

differentiated  into  many  branches  and  twigs,  most  of  which  have 

disappeared    at    different    periods,   while    some,    greatly    changed 

■  though  they  may  Ixave   been,  have  lived   on   until   to-day.     The 

Igeneral  character  which  has  remained  in  these  various  stages  of 

|differenttation,  and  has  been  transmitted,  with  modifications,  from 

the  stem-form,  is  what  is  typical  in  the  organisation. 


i  57. 

It  is  not  always  possible  to  prove,  to  the  same  extent,  in  all  of 
the  large  divisions  which  are  regarded  as  types,  the  common  ancestry 
of  the  forms  which  belong  to  it.  It  is  m  fact  very  probable  that 
heveral  divisions  have  had  a  polyphyletic  origin,  in  which  case  tho 
organisms  which  belong  to  them  nuist  be  united  together  for  reasons 
other  than  genealogical.    Such  divisions  cannot  bo  regarded  as  phyla. 

We  meet  with  such  rektions  in  the  lowest  forms,  in  the 
boundary'territory  between  Animals  and  Plants.  It  is  difficult  to 
fiud  a  boundary  line,  for  there  are  organisms  which  seem  to  belong  to 
one  as  much  as  to  the  other  Kingdom  according  to  the  phenomena 
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to  wliicli  tliej  giTO  rise.  The  idea  of  a  boundary  line  presupposes  a 
rigidly-defined  conception  of  Animal  and  Plant.  Tho  characteristic 
of  tho  animal  organism  maybe  taken  to  bo  that  differentiation  affects 
the  whole  organism.  This  differentiation  consists  in  its  division  into 
two  layers  J  which  have  been  already  (§28)  called,  ectoderm  and  endo- 
derm,  and  from  which  the  germinal  layers  of  the  higher  divisions  are 
derived.  But  the  exclusion  of  all  the  lower  organisms,  which  do 
not  undergo  this  division  from  the  Animal  Kingdom,  would  put  out 
of  our  Bcopo  many  pha3nomena  which  are  of  great  importance^  if 
wo  would  understand  animal  organisation.  Although  it  might  be 
best  to  regard  this  world  of  lower  and  yoyj  varied  orgjinisms  as  a 
special  Kingdom  placed  between  the  Animal  and  the  Vegetable^  and 
containing  the  beginnings  of  both,  that  of  the  Protista^  yet  we, 
as  oiu*  work  embraces  the  connections  between  animals  and  these 
lowest  organisms,  must  enter  into  a  consideration  of  them.  Wo 
therefore  unite  a  number  of  those  divisions  of  the  Protista,  which  are 
more  nearly  related  to  animals  than  plants,  as  the  Protozoa,  As 
their  genetic  relations  to  one  another  are  altogether  unknown,  the 
division  which  is  formed  by  these  organisms  cannot  be  regarded  as 
a  "  phylum.^'  Nor  is  there  a  type  common  to  them  all.  We  there- 
fore regard  them  a^  lower  organisms,  which  are  the  nearest  of  the 
Protista  to  Animals,  and  we  must  compare  them,  not  with  the 
sepamte  divisions  of  the  higher  animal  organism,  but  with  them 
all  together.  This  compels  ns  to  unite  the  latter  into  a  single 
group,  which  has  been  called  the  Metazoa* 

The  Protozoa  and  Metazoa  are  not  so  very  shaqily  marked 
off  from  one  another.  Not  a  few  of  the  Protozoa  are  known  to  bo 
composed  of  a  number  of  cells.  It  is  the  arrangement  of  cells  in 
layers  of  definite  physiological  value  which  characterises  tho  metazoic 
organism.  This  seems  to  take  pbicu  very  gradually,  and  at  ib'st 
the  layers  are  incomplete.  Wo  find  representatives  of  this  in  the 
parasitic  Dicycmidte,  which  live  in  the  so-called  veinous  appcndagt  s 
of  the  Cephalopoda,  and  deserve   to  bo  specially  mentioned.      A 

germinal  cell  gives  rise  to  a  number  of  cells 
by  division,  among  which  a  single  large 
cell  becomes  surrounded  by  a  number  of 
smaller  cells,  which  form  a  continuous 
layer. 

The  central  coll  represents  the  endo- 
derm,  and  is  covered  by  tho  peripheral 
layer,  which  represents  the  ectoderm  at  all 
but  one  small  spot,  (Fig.  19.)  The  endo- 
dermal  cell  elongates  considerably,  and 
its  protoplasm  becomes  differentiated  iu 
various  ways.  It  forms  the  groundwork 
of  the  elongated  body,  and  remains  covered 
by  the  ectodermal  cells,  which  also  grow, 
without  however  multiplying  very  much;  these  give  off  line  cilia, 
and  form  the  protective  and  locomotor  oi^gans  of  the  body,  while 


Fig.  10. 
Gftstrultt 
stage  of 
Dicyema 

tjpua. 


Fig.  20.  Vermi- 
form enil>ryi>  i>f 
Dicyema  typus 
(after  E.  van 
Beaeden). 
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the  endodermal  cell  in  the  axis  of  the  body  becomes  an  organ  of 
nutrition^  and   takes  on  the  function  of  repro- 
duction, for  the  germs  of  young  forms  are  found 
in  it  of  two  different  types. 

The  organism  of  Dicyema  is  thus  seen  to  be 
two-layered,  and  the  two  layers  have  different 
functions ;  the  inner  one  is  morphologically  least 
differentiated,  for  it  consists  of  a  single  cell. 
It  is  not  quite  certain  whether  this  corresponds 
to  a  primitive  condition  or  no,  for  the  parasitic 
life  of  the  DicyemidsB  may  have  been  the  cause  jknpi  .b 

of  the  reduction   of  a  multicellular  endoderm.  fHMQl 

But  their  development  is  quite  easy  to  make 
out,  and  in  it  there  is  never  more  than  one 
endodermal  cell,  so  that  the  fact  becomes  more 
significant.  Just  as  among  the  Protozoa  the 
multicellular  forms  are  allied  by  intermediate 
steps  to  the  unicellular,  from  which  they  have 
been  developed,  so  among  the  Metazoa  does 
Dicyema  exhibit  to  us  the  commencement  of  the 
separation  of  the  body  into  cell-layers,  and 
although  the  arrangement  is  not  as  perfect  as  it 
is  in  the  rest,  yet  it  is  in  the  same  direction  as 
that  which  in  them  arrives  at  full  expression. 


Van  Beneden,  Ed.,  Becherches  ear  les  DicyemidsD.    BuU. 
Acad.  Belg.  zli.,  xlii.,  1876. 
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§  58. 

Passing  over  the  Dicyemidae,  I  recognise  the 
following  divisions  of  the  Metazoa : 

1.  Ccelenterata. 

2.  Vermes. 

3.  Echinoderma. 

4.  Arthropoda. 

5.  Brachiopoda. 

6.  MoUusca. 

7.  Tunicata. 

8.  Vertebrata. 


Pig.  21.  Vermiform 
embryo  of  Dioyema 
typufl.  n  Nuclens  of 
the  endodermal  cell 
(after  E.  van  Bene- 
den). 


These  divisions  represent  in  a  general  way  separate  branches  of 
the  pedigree  of  animals,  and  each  of  them  contains  higher  and  lower 
forms  in  various  proportion.  But  the  degree  and  extent  to  which 
their  organisation  is  developed  is  different  in  each  of  them.  The 
divergence  of  organisation  expressed  in  each  division  is  indicated  by 
their  relations  to  one  another,  and  it  shows  us  how  the  lower  forms 
of  the  higher  phyla  may  have  started  from  the  lower  phyla.     These 
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large  diyisions  are  therefore  arranged  in  genealogical  connection. 
The  extent  to  wliich  each  division  is  separated  from  its  fellows 
varies  in  each  case.  The  relation  of  the  various  large  divisions  to 
one  another  is  seen  in  the  subjoined  tree. 


Vertebrata 


Mollnsca 


Arthropoda 


Bracbiopoda 


Echinodermata 


Vermes 

I 


Coolenterata 


Protozoa 


The  more  exact  limitation  of  the  separate  divisions,  as  well  as  the 
reasons  for  the  genealogical  relations  here  merely  indicated,  will  be 
found  in  the  special  chapters. 
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PEOTOZOA. 


First   Section. 


Protozoa. 

General  Review  of  the  Group. 
§  60. 

I  RECKON  among  these  certain  divisions  of  those  organisms  which, 
owing  to  the  simplicity  of  their  organisation,  are  examples  of 
the  lowest  grades  of  living  forms.  The  most  essential  character 
appears  to  be  the  absence  of  organs  differentiated  for  the  most  im- 
portant functions.  The  imperfect  limitation  of  this  division  is  due 
to  this  negative  character ;  in  it,  nothing  that  is  "  typical'^  of  all  its 
members,  either  in  the  relation  of  the  body  to  its  morphological 
elements,  or  in  its  organisation,  can  be  made  out.  The  want  of  any 
histological  differentiation  is  a  reason  for  considering  the  organisms 
enumerated  in  this  group,  in  company  with  others,  which  we  are 
wont  to  regard  as  lowly  plants,  as  forms  of  life  which  stand  between 
the  Animal  and  Vegetable  Kingdoms.  It  is  on  this  consideration  that 
the  plan  of  uniting  all  the  lower  organisms  which  cannot  be  regarded 
as  Animals  or  Plants  into  the  Kingdom  of  the  Protista  is  based.  If 
we  recognise  this  conception,  it  appears  unnecessary  to  form  a  division 
of  the  "  Protozoa.''  But  the  knowledge  of  the  stages  of  organisation, 
which  obtain  in  the  Protista,  are  of  such  high  value  for  the  compre- 
hension of  animal  organisms,  that  to  pass  them  over  completely 
would  not  be  in  accordance  with  the  aim  of  this  book.  I  have, 
therefore,  retained  in  this  place  the  division  of  the  Protozoa,  and 
place  in  it  a  number  of  forms  which,  by  the  simple  conditions  of 
their  organisation,  and  by  the  low  grade  of  their  differentiation,  are 
well  adapted  for  giving  an  idea  of  the  group. 

First  of  all  I  exclude  from  it  those  forms  which  have  not  a 
nucleus,  that  is,  which  do  not  pass  beyond  the  cytod  stage.  The 
development  of  a  nucleus  in  the  otherwise  simple  protoplasmic  body 
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of  the  organism  is,  when  compared  with  the  cytod  stage,  tho  ex- 
pression of  a  consideralilo  advancej  and  preveBts  na  frora  uniting 
the  forms  that  do  possess  it  with  those  that  do  nut,  whatever  other 
points  of  agreement  there  may  bo  in  their  protophtsm ;  even  though 
it  is  quite  clear  that  in  these  cytod  forms  (Monera)  we  have  the 
beginnings  of  the  higher  stages.  These  beginnings  vary  greatly, 
correspond  to  separate  divisions  of  more  developed  forms,  and 
make  it  probable  that  the  latter  have  had  a  polypliyletic  origin. 

Of  the  groups  of  the  Protista  I  regard  tlio  Rhizopoda,  G re- 
gar  in  03,  and  Infusoria  as  Protejioa. 

There  is  no  permanent  limitation  of  the  protoplasmic  body  in 
the  Rhizopoda;  their  protoplasm  sends  out  varying  processes. 
Tlie  lowest  division  is  that  of  the  Aiuo^bida^,  the  organism  of  which 
is  of  the  grade  of  a  cclh  The  body  is  formed  by  protoplasm  and 
a  nucleus;  it  is  ordinarily  naked,  but  it  can  temporarily  surround 
itself  with  a  capsulOj  vr  the  cajisulo  may  be  a  permanent  covering, 
open  at  one  or  two  points.  The  organism  communicates  with  the 
outer  world  by  this  opening,  and  by  it  can  extend  itself  over  its 
shell.  If  there  are  sevenil  nuclei  present  the  organism  forms  a 
syncytium.  The  Foramiuifera  form  the  second  tlivision.  It  is 
very  probable  that  they  all  have  a  nucleus;  and  these  organisms, 
therefore,  are  also  similar  tu  a  cell  liut  the  lurmation  of  a  covering, 
provided  with  numerous  pores,  and  often  considerably  compHcatedj 
is  an  indication  of  a  tendency  to  higher  development.  The  Ileliozoa 
form  a  smaM  group  more  nearly  allied  to  tlio  next  division*  The 
Radiolariuj  finally,  are  distinguislied  from  all  other  Khizopoda  by 
the  possession  of  a  '^central  capsule"  within  tho  body*  The  central 
capsule  contains  a  number  of  nuclear  structures;  these,  indeed, 
render  the  Radiolaria  similar  to  cells,  but  their  body  cannot  be  re- 
garded as  a  cell.  Another  course  of  diilercntiation  seems  to  have 
affected  them.  Further,  in  some  the  entire  capsular  protoplasm 
contains  separate  cells,  which  are  regarded  by  nmuy  as  structures 
not  belonging  to  the  organism  (yellow  cells).  Tho  development  of 
various  kinds  of  supporting  orgaus  gives  a  peculim-  character  to  the 
Kadiolaria.  We  can  make  out  a  largo  number  of  axes  in  the  body, 
by  the  aid  of  these  skeletons. 

The  second  division  of  Protozoa  is  formed  by  the  Gregarinfl3, 
An  outer  limiting  portion  surrounding  the  nucleus,  that  is  a  body 
of  the  grade  of  a  cell,  is  wanting  in  the  earliest  stages  only.  They 
pass,  therefore,  through  the  Cytod-stage.  In  the  mature  organism 
an  envelope^  differentiated  from  the  protoplasm  within,  can  be  made 
nut;  and  they  give  indications  of  higher  diJferontiatiuus  of  tho 
subjacent  hiyer  of  protoplasm.  An  anterior  portion  is  in  many 
separated  by  a  constriction  from  the  cylindrical  or  bf\ud-like  body. 

The  Infusoria  form  the  third  large  division,  I  do  not,  as  do 
many,  include  the  Flagcllata  among  them.  The  body,  formed  of 
protoplasm,  has  its  external  form  detiucd  by  the  dillerentiation  of  a 
cortical  layer.  This  cortical  layer  siu-rounds  the  more  indifferent 
protoplnsm,  which  may  in  many  cases  be  Been  to  be  r<jtatitjg,  aud  so 
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calls  to  mind  tho  streaming  of  the  protoplasm  in  certain  yegetable 
cellr^.  A  nucleu^j  wliicli  may  be  various  in  form,  shows  that  tlio 
body  of  tliD  lufiii^oriaii  is  equivalent  to  a  cell.  In  aomo  tliero  arc 
sevcnil  nncloi,  A  liiglior  degree  of  potentiffclity  is  expressed  by  t1ie 
differentiation  of  various  histological  structures  in  the  cortical  layer. 
But  this  does  not  affect  the  character  of  the  Infusoria  as  unicellular 
organisms,  m  long  as  they  have  only  one  nucleus,  if  we  may  suppose 
that  the  cell  is  no  longer  in  its  indifferent  condition.  In  many  forms 
there  is  a  small  nuclear  structure,  the  nucleolus,  in  addition  to  the 
nucleus.  The  Infusoria  are  divided  into  the  Suctoria  (Acinita) 
and  the  Ciliata*  The  former  have  definitely  arranged  fine  pru- 
cesseSj  capable  of  a  small  amount  of  movement,  wbich  serve  in 
the  ingestion  of  food.  The  Ciliata  are  distinguished  by  an  invest- 
ment of  cilia;  and  subdivisions  arc  formed  according  to  the  way  in 
whit'h  these  cilia  are  distributed  over  the  body. 
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§  61. 

As  the  body  of  the  lowest  organisms  is  formed  of  contractile 
protoplasm,  which  changes  continually  in  f orraj  there  is  no  definite 
boundary  to  tlie  body,  nor  any  kind  of  differentiated  integument. 
We  see  the  bodies  of  most  of  those  Protista,  which  are  not  provided 
with  an  envelope,  alter  in  contour,  jnst  like  the  indifferent  cells  of 
higher  organisms ;  processes  of  the  protoplasm  are  extended  fi-om 
different  points  at  different  timesj  and  the  rest  of  the  body  flows 
after  them.  Thus,  as  the  body  moves,  thcro  is  always  a  change  iu 
its  surface,  so  that  a  particle  of  its  substance,  which  at  one  moment 
is  found  iu  the  interior,  may  at  another  moment  enter  into  the 
formation  of  a  process.     The  processes,  Pseudopodia,  have  some- 
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Fig.  22.  An  Amroba  figtirod  at  two 
different  niomcDtut  diiriDg  luov^c- 
tnent.  n  NticleuH,  i  Ingested  footl. 
Some  vacuolefi  may  abo  be  Qoted. 


times    tbo    appearance  of   broad  lobatc    pruloiigations   (Fig,   22) 
separated  from  one  another  by  shallow  depressioas  \  sometimes  they 

flow  out  as  delicate,  sometimes  as 
wedge-shaped^  currents,  which  divide 
III  all  kinds  of  ways  at  their  periphery, 
and  so  form  ramified  processes.  These 
changes  are  always  within  definite 
liuiits  of  form  in  the  various  divisions, 
so  that  the  form  of  the  pseudopodia 
is  the  expression  of  the  first  differen- 
tiation of  a  definite  morphological 
character  of  the  protoplasm.  The 
pseiidopodia  characterise  the  Rhizo*^ 
poda,  the  superficial  protoplasm  of 
which  is  able  to  emit  them  in  every 
form  of  this  group  (Fig.  23),  Neigh- 
bouring pseudopodia  can  unite  with 
one  another  at  any  point  and  in  various  numbers  (Fig,  23,  ;r),  or 
may  even  become  connected  in  a  rotiform  manner.     This  character 

of   the   protoplasm  \%\ 
i  il9    :  /  .  .    /  not     affected    by    in- 

ternal differentiation 
(skeletal  organs,  etc.). 
It  is  the  expression  of 
a  stage  in  the  lowest 
living  material  when 
it  is  not  differentiated 
at  its  periphery* 

When  the  outer- 
most layer  of  the 
body  is  hardened, 
pseudopodia  cannot 
be  formed  at  every 
point.  The  chemico- 
physical  changes  in 
the  peripheral  parts 
lead  to  the  formation 
of  something  nnhke 
the  rest  of  the  proto- 
plasm, which  retains  its 
incli ITeren t  character, 
and  indeed  still  gives  signs  of  its  pjwer  of  movement,  but  is 
restniined  hy  the  fh*mer  cortical  l^iyer  from  iiny  ci>nsiderable  exten- 
sion of  itself.  This  stage  is  found  in  the  (iregariiue;  characters 
which  obtitin  in  many  of  the  Amoebic  exhibit  intermediate  steps 
towards  it.  A  firm  homogeneous  incmbrune  sometimes  delicately 
striat-ed,  extends  in  these  forms  over  the  whole  body,  which  is 
formed  by  a  single  cell.  It  passes  directly  into  tlie  soft  protoplasm, 
and  appears  to  bo  a  cuticle  differentiated  fi'om  it.   Like  all  cuticles,  it 
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Fig.   23.      A    Fomuiinlfur    (Rotolia)    with   extonded 

pseudopudiii,    which   pass   through  llio  pores   of  the 

mallilocutate  eliolL     At  j",  eovcrul  psoudopudini  have 

united  together. 
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lias  no  contractility  j  but  it  is  extensible  and  elastic,  and  is  thus 
able  to  fciUovr  tlie  contractions  and  expansions  of  the  protoplasm. 

In  addition  to  this  separation  of  the 
cnticular  layer  there  is  also,  in  the  Gre- 
garina^j  a  cortical  layer  separated  off  from 
the  internal  part^,  which  appears  to  bo 
finer  than  the  richly-granulated  protoplasm ; 
this  13  also  found  in  the  Infusoria. 


G2. 


Fig.  2t,  GrogariiiiJL!  from 
tlio  enteric  caoal  of  Opatrum 
sabaloflam  i  a  is  the  youngor 
stage,  provided  with  a  '*  pro- 
boBcidiform'' process,  a  An- 
terior portion,  b  Postorior 
portion  of  the  bodjr,  c  Nu- 
cleos. 


With  the  separation  of  the  body  into  an 
external  cortical  layer,  and  an  internal  par- 
enchymatous substance,  further  metamor- 
phoses of  the  cortical  layer  are  connected. 
Of  these  the  firet  that  should  be  mentioned 
are  the  cilia  which  are  widely  distributed 
in  the  Infusoria.  They  appear  to  be  direct 
but  actively  motile  prolongations  of  the  in- 
tegument: if  combined  with  a  cuticle  they 
traverse  it.  They  either  beset  a  limited  part 
of  the  body  only,  as  the  so-called  oral  open- 
ing, or  they  are  extended  over  larger  tracts,  or  over  the  whole  body 
often,  with  great  regularity, 

According  to  the  definite  distribution  and  arrangement  of  these 
cilia,  the  Infusoria  have  been  subdiTided  into  Holotricha,  Hotero- 
tricha,  Hypotricha,  and  Pcritricha.  It  is  clear  that  they  are  differ- 
ontiations  of  the  protoplasm,  from  wliat  happens  in  some  other 
groups  of  the  Protista,  where  they  form  temporary  structures  only, 
and,  like  the  pseudopodia,  can  be  again  withdrawn  into  the  proto- 
plasm of  the  rest  of  the  body* 

The  flagella,  as  w^ell  as  the  undulating  membranes,  which  are 
often  formed  in  the  region  of  the  mouth  of  many  Infusoria,  are 
modifications  of  the  cilia.  The  cilia  appear  sometimes  to  be  modified 
in  a  peculiar  way  to  form  stiff  processes,  ntovable  only  at  their  point 
of  att.achment  to  the  body  (Stylonychia);  sometimes,  indeed,  they 
are  flattened  and  broadened. 

The  cilia,  as  well  as  the  style-shaped  processes,  serve  as  locomotor 
organs,  and  show  us  that  locomotion  is  connected  with  the  integu- 
ment, just  as  it  was  connected  with  the  temporary  external  layer  of 
the  body,  where  pseudopodia  were  formed. 

Another  structure  observed  in  the  cutis  of  many  Infusoria  (e.g. 
Pararniecinm),  are  firm  rod-like  bodies  {Trichocysts),  which,  under 
certain  inilaenees,  emit  a  fine  stiff  filament.  These  structures  lie 
close  to  one  another  in  the  curtical  layer,  and  in  a  direction  per- 
pendicular to  the  long  axis  of  the  body.  They  call  to  mind  the 
stinging  cells  of  the  Coelonterata,  but  they  are  not  to  be  regarded  as 
the  same  things,  for  they  are  not  fonned  from  cells. 
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In  iho  cortical  layer  of  tlio  body  of  tlic  Grc^arina?j  and  of  raauy 
lirfiisomj  there  arc  indications  of  bands,  or  fibres,  rcKombling 
muscles.  In  tlie  GregariiuT3  these  structures  are  arranged  cir- 
cularly, or  spirally,  and  form  a  layer  jost  below  the  cuticle;  it 
extends  over  a  short  part  only  of  tha  "  head,''  which,  as  a  rule,  is 
separated  from  the  body  by  a  constriction^  but  it  never  passes  into 
the  wall  of  partition  which  sepai'atcs  this  part  from  the  body. 

Among  the  Infusoria  these  contractile  bands  are  principally 
known  in  the  larger  species  of  some  genera  (Spirostonium,  Stentor, 
Prorodon,  etc.).  In  others  they  are  absent.  They  sometimes  run 
spirally,  sometimes  longitudinally.  They  are  also  present  in  the 
Vorticellina?,  where  they  form  spiral  coils  towards  that  end  of  the 
body  which  passes  into  the  stalk.  It  is  clear  that  these  stinictures 
do  not  form  the  sole  contmctile  system  of  the  body,  for  those 
Infusoria  w^hich  do  not  possess  them  are  capable  of  executing 
powei'fnl  contractiona.  But  that  they  are  really  contractile  is  shown 
by  Spirostomum,  in  which  the  contractions  of  the  body  are  not 
effected  along  its  long  axis  bat  in  the  direction  of  the  striated  band, 
which  describes  seveml  spiral  turns.  The  contractile  band,  which 
runs  in  the  interior  of  the  stalk  of  the  Vorticellina^,  is  a  differ- 
entiation  from  the  protoplasm  of  the  same  kind  ;  m  Zoothammium  it 
branches  with  the  colony,  in  Carchesium  it  exists  separately  in 
each  individual  of  the  colony*  Although  these  structures  in  many 
points  resemble  muscular  fibres,  and  are  physiologically  the  same, 
they  cannot  bo  compared  with  these  histological  elements  from 
a  morphological  point  of  view,  for  neither  cells  nor  the  products 
of  cells  take  any  share  in  fonning  them.  They  are  differentiations 
from  the  protoplasm  of  the  organism,  whilst  in  the  tissues  of  the 
Metazoa  they  are  formed  by  the  differentiation  of  a  whole  lot  ol 
morphological  elements*  The  whole  contractile  apparatus  cor- 
responds therefore  to  a  muscular  system  in  function  only.  The 
separate  bands  or  stripes  are  merely  analogous  to  muscles 
(myophana). 

§  01. 

The  function  of  supporting  organs  of  the  body  is  performed 
I  the  Protozoa  by  firm  structures,  which  either  traverse  the  soft 
ibstance  of  the  body  as  a  framework,  or  invest  it  in  the  form  of 
shells  and  tests.  The  latter  serve  aa  organs  of  defence  in  proportion 
to  their  size  and  firmness.  All  the  structures  here  to  be  enumerated 
arc  cither  directly  or  indirectly  diiferentiaiions  of  the  protoplasm, 
which  are  formed  cither  on  the  surface  or  in  the  parenchyma  of  the 
body.  The  more  completely  these  secretions  cover  the  body  in  the 
form  of  tests,  the  more  do  they  interfere  with  its  freedom  of 
movement,  unless  there  are  compensating  arrangements.  Shells  and 
internal  supports  are  widely  distributed  in  all  divisions  of  the  lower 
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Fig^.  25.      Transverse  secUoD  of  ei   Foraminifer 

(AlvoolhiaQtiuii);  the  armnj^empnt  of  the  Foparate 

chambers  ia  rolatioo  to  one  another  cao  be  seen 

(after  W.  Carpenter). 


organisms  ;  they  vary  greatly  in  complexity^  and  this  crmiplcxity  is 
sometimes  in  invorsG  proportioa  to  that  of  the  body.  Simple  shells, 
generally  ova!  in  form,  and 
provided  with  an  orifice, 
obtain  in  one  division  of 
the  Amoebffi  (Difflugia, 
Arcella).  The  shell  is 
sometimes  soft ;  but  some- 
times it  is  more  firmj  and 
this  firmness  is  increased 
by  the  addition  of  foreign 
bodies.  They  sometimes 
seem  to  be  internal  sheik, 
owing  to  the  extension  of 
the  protoplasm  over  them. 
The  shells  of  the  Foramiui- 
fera  are  more  complicated 
in  form  J  owing  to  the  for- 
mation of  new  parts  arontKl 
a  simple  rounded  tcst^wliich 
then  form  separate  cham- 
bers communicating  with 
one  another  by  orifices,  and 
with  the  exterior  by  pores 
(Figs.  23,  25).  Thase  matiy-chambcred  shells  become  very  firm  by 
the  addition  of  chalk,  or,  though  more  rarely,  of  silica  (Polymorph iua 
Nonionina) ;  owing  to  the  variations  in  the  relative  position,  size, 
and  mode  of  connection  of  the  chambers,  these  structures  vie  in 
wealth  of  form  with  the  more  lightly  constructed  internal  supports 
of  the  Radiolaria, 

When  the  chambers  are  ranged  along  a  straight  lino,  rod-shaped 
lellsj  often  swollen  into  beadsj  are  formed ;  the  separate  portions 
"  which,  known  as  *^  chambei"s,^^  may  be  nil  of  the  same  size,  or  may 
increase  in  size  from  one  end  to  the  other  (Nodosarida:s),  A  spiral 
arrangement  of  the  chambers  which  lie  in  the  same,  or  in  different 
planes,  giv^ea  rise  to  structures  like  those  of  the  shells  of  the  Nautilus 
(Fig.  23).  Special  modifications  are  due  to  the  superposition  of  the 
spiral  coils,  the  elongation  or  abbreviation  of  the  spiral  axis,  and  fo 
on.  The  planorbis-like  shells  of  the  Milliolidoe,  in  winch  partial 
constrictions  give  the  first  sign  of  the  formation  of  chambers,  i^epre- 
sent  the  simplest  condition  of  these  forms.  By  the  unequal  addition 
of  fresh  chambers  the  spiral  form  is  completely  cJfaced  (Acervuliiitr), 
and  can  only  be  seen  in  the  earliest- formed  chambers.  Those  tests 
are  usually  confounded  with  external  shells.  But  this  only  holds  for 
a  few.  The  shell  seems  rather  to  be  an  internal  support,  in  those 
cases  especially  where  the  partition-wmlls  of  the  so-called  chambers  are 
frequently  broken  through,  and  the  pore-canals  at  the  same  time  pass 
through  the  shell  to  the  exterior,  so  that  the  protoplasm  of  the  pseudo- 
podia  is  able  to  cover  the  outside  of  the  shell.     When  the  partitions 
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are  merely  represented  by  several  sepai*ate  columns,  or  lamdlso, 
wliicli  have  wide  openings  between  tliem  (Fig.  25),  and  the  cavity  of 
the  chamber  itself  is  less  than  the  various  connections  between  two 
chamber.^,  and  wherCj  finally,  all  the  neighbouring  chamber-spaces 
commnnicato  with  one  another,  and  the  whole  "  test "  is  thereby 
traversed  by  a  cavitary  system  which  communicates  in  all  directions, 
then  the  character  of  an  external  shell  is  completely  lost.  And  so, 
since  the  protoplasm  is  in  all  cases  able  to  draw  itself  over  the  outer 
surface  of  the  shell,  the  shells  in  the  Foraminifora  ought  to  bo 
regarded  as  internal  ones,  and  grouped  accordingly  with  the  skeletons 
of  the  Eadiolaria^ 

§  (55. 

The  *' central  capsule^'  must  bo  noted  as  an  organ  of  support 
common  to  all  the  Radiolariaj  although  it  is  not  very  apparent. 
It  is  a  capsnlar-closed  organ,  various  in  form^  placed  in  the  middle 
of  the  body,  and  formed  of  a  membrane  which  closely  resembles 
chitiu.  In  addition  to  fat-globules  and  structures  which  are  re- 
gai*ded  as  nuclei,  it  always  contains  a  quantity  of  protoplasm,  which 
is  apparently  continuous  with  the  extra-caps ular  protoplasm  by  means 
of  fine  pore-canals.  In  most  lladiolaria  (not  in  Thalassicolla, 
Thalassolampe,  and  CoUozoum)  there  is,  in  addition  to  this  capsule,  a 

s  k  e  1  e  t  oUj  ordinarily  formed 
of  silica,  which  travei"ses  the 
capsule  when  most  fully  de- 
veloped (Fig.  26).  Several 
spicules  then  radiate  from  a 
common  centre,  and  these 
may  be  connected  with  one 
another  by  means  of  a  con- 
centric highly  fenestrated 
framework  (Fig.  26).  In 
some  (AcauthometridEe)  the 
organic  base  of  the  fi-ame- 
work  predominates,  and  ia 
but  slowly  replaced  by  silica. 
Seperate  spicnlar  bits 
of  silica,  lying  freely  in 
the  protoplasm  outside  the 
central  caps  ale,  are  tho 
earlie.st  indications  of  this 
firm  skeleton  in  the  CoUidte 
and  Polyzoa.  In  some  they 
become  arranged  in  a  radiate 
manner,  without  being  firmly 
connected  together.  Circular  skeletons,  forming  an  open  network, 
are  formed  by  the  radial  spicnla  being  connected  together  at  equal 
distances  by  rods  placed  perpendicularly  to  them.  Wlien  a  very 
fine  supporting  reticulum  is  arranged  around  the  radial  spicula  in 


Fig,  26.     Skclc?lijii  nf  a  Radiolunan  (Actinomma 

natemcaiithiou).      Two  concentrically-urrauged 

f^Mestratod    abelU  are   biokca   through  at  one 

pomt|  to  ihow  a  third  one  (after  E»  Hiickel)* 


4 


J 


PKOTOZOA.  83 

a  more  irregular  manner,  the  skeleton  is  sponge-like.  The  infinite 
variety  of  form  is  increased  by  discoidal  and  basket-like  skeletons ; 
or  these  skeletons  may  have  a  spiral  arrangement.  In  this  way  a 
supporting  organ  of  great  complexity  is  formed,  in  which  the  soft 
parts  of  the  body  are  embedded,  and  the  separate  pieces  of  which 
are  developed  in  the  protoplasm. 

§  66. 

Compared  with  these  internal  organs  of  support  in  the  Rhizopoda 
the  tests  of  the  Infusoria  form  a  distinct  series  of  arrangements, 
for  they  are  only  secretions  from  the  surface  of  the  body :  they 
resemble  the  tests  of  the  Arcellae,  mentioned  above.  The  secreting 
matrix  is  in  this  case  an  anatomically  distinct  part  of  the  body.  But 
this  need  not  be  regarded  as  a  higher  stage,  for  it  is  closely  allied  to 
the  lowest,  i.e.  to  the  formation  of  a  cell-membrane.  Tests  are 
principally  developed  in  the  fixed  Infusoria.  They  are  formed  by 
the  secretion  of  a  substance,  which  is  primitively  soft,  and  which 
gradually  hardens ;  this  surrounds  the  body  of  the  animal  like  a  cup 
or  an  urn,  except  at  one  point,  where  it  allows  of  communication 
with  the  exterior.  These  tests  are  distinguished  from  the  merely 
cuticular  structure,  which  tends  to  form  a  carapace,  in  that  the 
differentiated  layers  attain  greater  firmness,  and  become  separated 
from  the  greater  part  of  their  matrix  surface.  But  the  genesis  of 
both  structures  is  the  same.  It  is  identical  with  the  formation 
of  cysts,  a  process  which  is  very  common  among  the  Infusoria,  and 
by  means  of  which  the  organism  shuts  itself  off  from  the  exterior 
for  a  time,  so  as  to  withstand  unfavourable  conditions  (loss  of  water, 
and  so  on).  The  immovable  stalk  of  Epistylis,  and  the  external 
layer  of  the  contractile  st^lk  of  the  Vorticellina)  and  Carchesina) 
must  be  regarded  as  cuticular  differentiations  of  this  kind.  The 
tests  may  be  soft  or  hard,  and  membranous.  Some  are  distinguished 
by  the  agglutination  of  foreign  bodies — cemented  grains  of  sand, 
and  so  on.  The  genera  Vaginicola,  Tintinnus,  etc.,  have  shells. 
Stentor  has  one  in  certain  cases.  Fenestrated  shells  have  also 
been  observed  (Dictyocyrta).  A  carapace  is  formed  from  the  firm 
hyaline  cuticle  in  Stylonychia,  Euplotes,  Aspidisca,  Spirochona, 
Coleps,  etc. 

§  67. 

Organs  for  the  prehension  and  alteration  of  food  aro 
wanting  in  the  lowest  organisms.  In  the  Gregarines  food  is  taken 
in  by  endosmotic  processes  at  the  surface,  and  solid  nutritive 
matters  do  not  reach  the  interior  of  the  body.  Where  the  body 
is  not  peripherally  differentiated  there  is,  on  the  other  hand,  a 
direct  taking  in  of  food,  which  may  go  on  at  any  part  of  the 
body.  This  is  the  case  in  the  Rhizopoda.  In  this  case  the  nutritive 
matter  is  surrounded  by  the  soft  substance  of  the  body,  or  it  is 
embraced  by  the  processes  of  the  body — the  pseudopodia.     In  both 
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cases  ttore  is  really  one  and  the  same  phaenomenon.  Any  place  in 
the  protoplasm  can  act  as  a  digestive  cavity  by  enveloping 
and  absorbing  nutritive  matter,  and  at  any  noiglibouring  part 
of  the  surface  tlie  undigested  substances  can  be  again  expelled. 
Even  in  Actinosplia^rium  solid  food  can  be  tiiken  into  the  body ;  but 
in  it  the  pseudopodia  i\ro  not  the  direct  agentfi,  fur  they  draw  the 
prey  to  the  body,  and  cause  it  to  pass  into  the  yiehling  parenchyma 

of  the  cortical  layer  at  some  suitable 
point  (Fig,  27) ;  thence  it  passes  to 
the  central  substance  of  the  body. 
In  comparison  with  other  forms  Acti- 
nosphfcrium  is  characterised  by  taking 
its  food  directly  into  the  more  differ- 
entiated parts  of  the  body,  and  not 
suiTounding  it  by  the  amorphous 
protoplasm  of  the  pseudopodia. 

In  the  Infusoria  the  arrangement 
is  more  definite.  They  take  in  food 
in  two  different  ways.  In  the  Sue- 
toria  (Acinetinte)  there  is  no  month; 
the  radiate  pseudopodia-likc  processes 
pass  through  the  envelope  of  the 
body,  and  act  as  suckers  (Fig,  30). 
They  attach  themselves  by  theii' 
sucker-like  enlargements  to  the  prey 
which  has  conic  within  their  reach 
(which  consists  of  other  Infusoria,  etc.),  and  cause  it  to  flow,  as 
through  a  tube,  into  their  body,  where  it  fills  the  parenchyma  in 
the  form  of  drops.  The  presence  of  similar  processes  in  the 
embryos  of  other  Infusoria  shows  that  this  mode  of  nutrition  is 
a  very  common  one.  A  higher  grade  is  represented  in  the  other 
forms;  in  the  Ciliuta  there  are  not  only  definitely  organised  parts 
for  the  reception  of  food,  but  also  definite  parts  for  the  ejection 
of  what  is  useless.  An  enteric  tube  is,  however,  wanting  in  all 
of  them,  and  these  differentiations  are  limited  to  the  cortical  layer 
of  the  body,  so  that  the  food  passes  beneath  it  into  soft  paren- 
chyma, i*e.  into  the  undifferentiated  protophtsmic  part  of  the  body, 
in  which  there  are  no  passages  with  special  walls.  Temporary 
spaces,  which  act  as  digestive  cavities  for  the  sphericul  food  masses, 
are  formed  in  it;  these  cavities  are  not  permanent  ones,  as  may  ba 
seen  from  their  frequent  disappearance  when  the  protoplasm  is  in 
movement.  In  this  point,  therefore,  they  resemble  the  Rhizopoda; 
for  a  part  of  the  digestive  apparatus,  that  is  those  parts  in  which 
the  food  is  digested,  have  no  orgauological  differentiation. 

When  the  Ciliata  have  a  month,  it  is  either  in  the  form  of  a 
simple  cleft,  which  is  in  many  cases  only  apparent  when  food  is 
taken  in ;  or  it  is  not  directly  on  the  surface  of  the  body,  but  at  the 
bottom  of  a  depression  (vestibule),  the  form  of  which  is  very  variedj 
and  which  at  times  contains  the  orifice  of  egestion  also ;   the  sur- 
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Fig^,  27-  Actinoaphipriunu  a  A 
moi&cl  which  has  been  taken  in  as 
foutl,  and  jnet  puHliod  itito  tlie  soft 
coHical  layer  6^  by  tho  animal, 
c  Cciitml  parenchynia  of  tho  botly. 
d  Some  balls  of  food  in  it.  c  Pacni- 
dopcdia  of  the  cortical  layer. 
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roimdiiig  region  (peristoma)  hm  often  also  a  special  form.  A 
tnbnlar  portion,  or  pbarynx  (Fig.  28j  b)  often  passes  from  the  month 
into  the  parenchyma  of  the  body,  and  from 
it  the  ingested  morsel  finds  its  way  into  the 
soft  substance  of  the  latter. 

The  position  and  form  of  the  month  varies 
greatly.  In  many  cases  it  can  only  bo  made 
ont  during  the  ingestion  of  food  (as  in  Aniphi- 
loptnSj  Loxophylhim),  and  disappears  aa  soon 
as  the  morsel  has  passed  into  the  parenchyma. 
There  is  sometimes  an  investment  of  cilia  on 
the  tubular  pharynx  {Paramceciuni  aurelia 
and  burearia) ;  or  an  undulating  membrane 
(Bursaria  flava) ;  or  a  covering  of  rod-shaped 
denticles,  or  fine  longitudinal  i-idges. 

Porodon,  Chilodon,  Nassula^  etcj  have  an 
investment  of  small  rods  in  the  pharynx, 
arranged  in  eel-pot  form.  A  regular  thicken- 
ing of  its  walls  has  been  observed  in  Errilia 
and  Liosiphon. 

The  general  presence  of  an  anal  opening 
is  not  by  any  means  establiished.  There  is 
only  in  some  few  cases  a  permanent  and  dis- 
tinctly-marked opening j  it  can  generally  bo  distinguished  during 
the  expulsion  of  undigested  food  only.  This  anal  spot  is  as  a 
rule  at  the  posterior  end  of  tho  body,  but  is,  on  the  whole,  veiy 
change-able.  It  may  even  appear  at  the  anterior  end  of  tho  body ; 
thus,  in  St  enter  it  lies  near  the  month,  and  in  tho  Vorticellina? 
and  Ophrydiaj  in  the  vestibule.  Taken  on  the  whole  it  appears 
to  consist  more  in  the  localisation  of  a  function  tlian  in  the  develop- 
ment of  an  organ*  The  products  of  excretion  pass  through  the 
differentiated  cortical  layer  of  the  body  at  a  certain  spot,  without 
there  being  any  special  organisation  of  that  spot. 


Fig.  28.  Dingmm  of 
the  digestive  cavity  of 
ParamiEJcinm.  a  Body- 
apace  filled  with  soft  pro- 
toplaem,  into  which  tho 
food  is  tttk^n.  h  Mouth. 
<:'  Anua.  d  CoDtrnctile 
vesicles  (after  Lach- 
mann}. 


§  68, 

In  all  Protozoa  the  outer  most  layer  of  the  body  has  a  respira- 
tory significance^  for  it  is  by  it  alone  that  an  exchange  of  gases 
with  the  surrounding  medium  can  be  effected.  This  relation  must 
also  be  borne  in  mind  in  reference  to  the  increase  of  surfacej  which 
is  due  to  the  pseudopodia.  The  cilia  of  the  Infusoria  are  of  import- 
ance in  changing  the  water. 

More  definite  respiratory  arrangements  are  seen  wheUj  as  in 
many  Protozoa,  water  is  taken  into  the  body.  CayitieSj  which  are 
fiDed  with  a  fluid,  atid  which  gradually  contract  and  completely 
empty  themselves^  after  having  reached  their  maximum  of  distensionj 
appear  within  the  protoplasm  i  when  empty  they  seem  to  disappear. 
These  vacuoles,  like  tho  vacuoles  in  the  cells  of  certain  tissues,  are 
partly  variable  structuTOS,  now  appearing  and  now  disappearing,  and 
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partly  constaofc.  Wlieu  they  are  constant  their  function  is  in- 
crea^sed,  and  they  often  expand  and  contract  regalarly  and  rhyth- 
micaUy^  like  the  cardiac  systole  and  ditistule.  Contractile  vesicles 
of  this  kind  are  often  seen  in  the  AmoebaQ  (Difflugia  and  Arcella), 
and  are  very  common  among  the  Infnsoria.  They  are  also  known 
113  vacuoles.  The  fluid  which  colleetB  in  the  vesicles  is  drawn  from 
the  parenchyma  of  the  body  and  is  returned  to  it^  or  passed  out  to 
the  exterior  on  the  contraction  of  the  vesicle.  Fine  commnnicat ions 
with  the  exterior  have  been  made  ont,  so  that  the  latter  coarse  is  the 
probable  one ;  but  we  need  on  this  account  conclnde  that  water  does 
not  enter  by  the  same  passiige. 

In  the  Infusoria  the  vesicles  lie  in  the  cortical  layer  (Fig.  28,  dd)^ 
generally  just  under  the  dehcato  cuticle,  and  at  definite  points.  If 
only  one  vesicle  is  presentj  it  lies  either  anteriorly  or  posteriorly : 
if  two,  there  is  one  near  each  end  of  the  body,  Trachelius  ovam  is 
remarkable  for  a  large  number  of  small  vesicles.  No  special  mem- 
branes can  be  made  out  on  the  wall  of  the  vesicle  nor  in  the  canals 
wliich  pass  off  from  it.  Like  the  vesicle  the  canals  can  only  be 
made  out  while  they  are  filling.  Tlie  vehicle  and  canals  contract 
alternately.  In  Parama3cium  the  canals  enlarge  at  the  commence- 
ment of  the  systole, and  approach  one  another  as  the  vesicle  diminishes 
m  size,  so  that  they  form  a  stellate  figure  at  the  moment  when  its 
Byatole  is  most  complete  and  the  vesicle  has  disappeared.  While  the 
vesicle  is  filling  the  canals  look  like  small  diverticula  on  itj  and  are 
not  again  fully  distended  until  the  diastole  is  complete.  The  number 
of  canals,  which  is  limited  in  P,  aurelia  to  eight  or  ten,  is  increased 
to  thirty  in  Bursaria  flava,  and  is  much  higher  in  Cyrtostomura 
lencas.  In  these  forms  the  canals  have  a  wave-like  course,  and  ramify 
at  their  extremities.  Canalicular  tracts  are  formed  by  the  fusion  of 
several  spaces  filled  with  water  into  longer  tracts,  as  in  Stylonychia 
(St.  mytilus),  and  they  empty  themselves  into  the  contractile  vesicle, 
by  definite  passages.  The  long  canals  of  Spirostomnm  ambigunm, 
wliich  also  are  visililo  for  a  time  only,  but  which  are  longer 
than  these,  are  like  them,  so  that  we  can  make  out  a  continuous 
series  from  the  first  appearance  of  an  apparently  indifferent  cavity  to 
a  definitely  arranged  system  of  tubes. 

Another  armngement  can  be  put  heside  this  fonnation  of  in- 
different vacuoles.  VVTion  such  spaces  in  the  protoplasm  increase 
in  number  they  run  together,  and  so  give  to  the  protoplasm  the 
appearance  of  a  network  which  traverses  the  interior  of  the  body, 
which  is  filled  with  fluid  (Trachelius  ovum).  Those  hollow  spaces 
have  then  become  perfectly  different  organs  fi*om  the  pulsating 
vacuoles,  and  they  may  both  exist  at  the  same  time. 
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In   coiTCspondenco  with  their  low   grade  of  organisation   the 
Protozoa  have  no  sexual  organs,  and  give  but  the  faintest  indica- 
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tions  of  sexual  differentiation.  Tliey  always  propagatej  therefore^ 
by  modes  whicli  aro  called  asexual,  among  wLich  the  chief  part  is 
played  by  fission  and  gcnemtion.  The  nucleus  appears  to  be  of 
great  importance  in  all  their  modes  of  multiplication. 

Spores  have  been  observed  to  bo  formed  within  the  organism  in 
Rhizopoda,  A  larger  or  smaller  part  of  the  protoplasm  of  the  body 
is  used  in  forming  them  ;  when  a  larger  portion  is  used  this  mode  of 
multiplication  is  allied  to  that  mode  which  is  so  common  among  the 
Protista,  in  whicli  the  whole  body  breaks  up  into  a  number  of 
spores,  and  so  multiplies  Jiy  division.  In  tiie  Rudiolaria  the  contents 
of  the  central  capsule  are  actiye  in  reproduction.  The  nuclei  in 
it  become  snrroimded  with  protoplasm,  and  form  flagellate  swarm- 
spores. 

Tho  mode  of  reproduction  is  most  exactly  known  in  tLo  Gre- 
garinte.  As  a  nde  innltiplication  commences  by  the  concrescence  of 
two  individuals ;  this  generally  occurs  very  early,  so  thnt  the  two 
individuals,  w^hich  form  ono  body^  the  anterior  end  of  one  being 
attached  to  the  posterior  end  of  the  other  (Fig.  29), 
go  on  growing  for  some  time  ^  or  conjugation 
may  only  take  place  later,  when  the  forms  are 
mature.  After  this  comes  a  condition  of  rest, 
accompanied  by  cncyf=!tation,  in  which  the  two 
individuals  form  a  rounderi  body,  with  a  partition 
between  them.  Then  the  partition  disappears, 
and  the  substance  of  the  body,  and  also  the 
nucleus,  breaks  up  into  an  amorphous  mass,  from 
which  numerous  vesicles  gradually  arise.  From 
these  latter  a  number  of  germ  corimscles,  called 
"  Pseudonaviceltej^'  on  account  of  their  shape, 
are  formed.  These  gradually  fill  the  whole  cyst, 
and  each  gives  rise  to  a  single  very  small  organism, 
consisting  of  protoplasm  solely,  and  this,  being 
without  a  nucleus,  corresponds  to  a  cytod.  Each 
of  these  structures  moves  about  in  an  amoeboid 
manner,  and  is  gradually  differentiated  into  a 
young  Gregarina,  after  which  a  nucleus  is  differentiated  in  its  interior, 
and  it  becomes  limited  externally  by  a  cortical  layer. 

Although  conjugation  has  no  exclusive  signification  in  bringing 
libout  these  processes,  as  separate  Gregariufe  are  also  able  to  pass 
through  these  reproductive  processes  in  just  the  same  way,  yet  it  is 
not  the  less  important.  It  points,  at  least  in  the  cases  where  it 
exists,  to  the  necessity  of  two  individuals  to  bring  about  reproduc- 
tion. It  is,  consequently,  a  phtenomenon  preliminary  to  sexual 
differentiation. 


Fig*  29.  a  b  Two  con. 

jugated  iodividiiabol: 

Gregarina  sucntiridia. 

c  Their  nuclei . 


§  70. 

Conjugation  also  plays  a  part  in  the  reproductive  proceedings  of 
Infusoria,  for  it  is  the  first  step  in  their  multiplication.     In  this  the 
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nucleus  is  of  considerable  importance;   it  (Fig.  30^  u)  is  a  firm 
structure,  sometimes  provided  with  a  spiral  envelope,  veiy  various 

iu  form.  It  lies  in  the  cortical 
substance  of  the  body,  or  is 
siUTOunded  by  a  continuation 
of  this  substance^  if  it  is  more 
deeply  sunk  iu  the  interior.  It 
is  sometimes  oval  or  round,  or 
it  IB  flattened  and  carved  (Vor- 
t  i  c  e  1 1  i  D  [e),  or  it  is  even  greatly 
elongated  and  regularly  con* 
stricted  (Spirostomum).  The 
importance  of  the  nucleolos, 
which  differs  from  the  nucleus 
iu  nothing  but  its  smaller  size, 
is  more  obscure.  The  act  of 
reproduction  commeuces  as  a 
rule  with  the  complete  or  partial 
fusion  of  two  iudividuak,  which 
may  bo  of  the  mme  or  of  dif- 
ferent sizes ;  this  fact  led  to 
the  mfetakiug  of  coujogation 
for  stages  of  fission  or  geuiraa- 
tion.  This  concrescence  gives 
the  stimulus  to  changes  in  the 
appropriate  parts.  The  nucleus 
becomes  divided  into  a  certain 
number  of  partsj  around  which  the  protoplasm  is  disposed.  In 
this  way  a  number  of  spores  are  formed,  each  of  which  becomes  a 
new  iDdividiial  while  within  the  mother-cell ;  and  then  gets  an 
investment  of  c\]h,  niul  cBcapes  to  the  exterior. 

It  is  still  a  question  as  to  the  share  which  the  nucleolus  takes  iu 
this  process;  and  the  statement  that  iu  one  group  of  the  Ciliata  it 
has  the  function  of  a  sperm -form  iug  organ,  while  the  nucleus  has 
the  fuuction  of  an  ovary,  requires  to  be  confirmed.  In  any  case  thia 
diffemntiation  of  a  male  organ  is  not  a  common  phmnomenon,  but  is 
limited  to  a  very  uaiTOW  circle*  The  nuclens,  therefore,  and  the 
nucleus  alone,  is  certainly  known  to  take  an  active  share  in  repro- 
duction, and  this  share  is  of  just  the  same  character  as  that  which  it 
was  seen  above  to  liavo  in  spore  forrantioii,  and  as  it  has  in  gemma- 
tion, in  which  the  micleus  of  the  bud  has  often  been  observed  to 
arise  from  the  preTions  gemmation  of  the  nucleus  of  the  mother-cell 
(Podophryn).  Finally,  multiplication  by  fission  is  very  common, 
although  conjugation  was  often  confounded  with  this  process  at  one 
time. 


Fi|Er»  30,— An  A  cine  til   A^-ith   part    of  ita 
fitalk.    p  rflcudopoflia-like,   but   stiff,  ten- 
V  Vacuoles,   n  Naclcus.   e  Aciliated 
form  lying  in  tlie   Bu.cnUeil  broiid 
cavity. 
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Second  Section. 


Coslenterata  (Zoophyta). 

General  Review. 
§  71. 

This  division  is  the  first  of  the  Metazoa,  or  organisms  which  are 
undoubtedly  animals.  The  embryonic  body  separates  into  two 
cell-layers — ectoderm  and  endoderm  ;  which  in  many  Sponges  alono 
form  the  permanent  body,  though  in  many  a  mesoderm  is  developed. 
In  the  lower  AcalephaD  the  formation  of  a  mesoderm  is  incomplete ; 
that  is,  the  mesoderm  is  not  an  independent  tissue  as  it  is  in  all  the 
higher  Acalephae.  The  most  essential  character  of  the  animals  which 
make  up  this  division  is  the  arrangement  of  the  nutritive  apparatus,  a 
cavity  sunk  into  the  parenchyma  of  the  body,  and  either  divided  into 
canals  or  extended  into  wider  spaces.  This  digestive  cavity,  with  its 
appended  spaces,  is  invested  by  the  endoderm,  and  in  the  lower 
forms  is  the  sole  representative  of  hollow  organs  in  the  body. 
When  several  individuals  are  united  to  form  a  colony,  the  canal 
system,  which  arises  from  the  digestive  cavity,  is  common  to  all  of 
them,  and  is  continued  into  the  common  substance  of  the  colony  or 
coenenchyma.  The  primary  axis  alone  can  be  made  out  in  the  body, 
and  the  secondary  axes  are  indifferent,  or  if  present  appear  to  be 
equivalent. 

I.  Spon^sB. 

Gastreeades.* 

HaUphjaeina,  GhiBtrophysema. 

Porifera. 

Myxospongiae. 

Halisarca. 

*  The  Gastnaades  represent  stages  which  are  not  permanent  in  the  rest  of  the 
8pongi89. 
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Fibrospongiae. 

CeraBpongiae. 

Eospongia,  Spongelia,  Poterinm. 
Haliohondrife. 

Axinella,  Spongilla. 

Corticata. 

Thetja. 

Hyalospongiae, 

Enplectella. 

Calcispongiao. 

Ascon,  Lenoon,  Sycoiu 

II.  AoalephsB. 

1,  Hydromedusae. 

Hydriformes. 

Hydra ;— Cordylophora ;— Hydractinift ; 
— Coiyne,  Syncoryno,  Eadendrinm  ;— 
Tabmaria,  Corymorpha ;  —  Campanu- 
laria,  Sertalaria,  Plumnlaria. 


MednaiformeB. 

Sania,  BongainTillea,  Lizzia,  Oceania ; 
— Eacope,  Thamnantiaa ;— Trachynema ; 
— iEgina,  Cunina ;— Liriope,  Geryonia, 
iBqaorea. 


Siphonophora. 

Velella,  Porpita ;— Diphyea,  Abyla ;— Athorybia,  Agalma,  Phyiophow,  Physalia. 

2.  Calycozoa. 

Lncemaria. 

3.  Thecomedas89. 

BtephanoBoyphoB. 

4.  Medusae   (Discopliora), 

Charybdoa,  Pelagia,  Anrelia,  Bhizostoma,  Caasiopeia, 

5.  Anthozoa. 

Tetractinia. 

CereanthoB,  Cyathophyllnm. 
Hexactinia. 

Antipathea,  Fangia,  Madrepora,  Aatrmt,  Ocnlina,  Caryophyllia. 
Ootactinia  (Alcyonaria). 

Alcyoniom,  Pcnnatula,  VirgQlAria,  Yeretillnm,   Benilla,  Gorgonia,  Isis, 

CoraUiom,  Tabipora. 

6.  Ctenophora, 

BeroS,  Cydippe,  Ceatom,  Eorhampheea,  Mnemia,  Encharia. 
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Form  of  the  Body, 

§  72. 

The  forms  of  body  of  tlio  two  great  divisions  whicli  make  up 
the  Ccelenterata  ure  alike  in  the  lowest  stage;  in  that  stage,  namely, 
which  ha^  been  already  (§  28)  called  the  "  Gastnila/'  on  account 
of  the  development  of  an  enteric  cavity.  This  form  represents  a 
['larval  stage^  in  which  an  investment  of  cilia  fimction  as  a  locomotor 
organ,  and  which  may  fairly  bo  regarded  as  the  common  funda- 
mental form  of  the  two  chief  divisions  of  the  Zoophyta*  In  this 
fonn  only  one  axis,  the  primary,  can  be  made  out;  it  extends 
from  the  oral  to  tho  aboral  pole.  Tho  Bocondary  axes  are  indif- 
ferent, for  all  the  transverse  axes  drawn  perpendicularly  through  tho 
primary,  at  any  angle  whatsoever,  are  completely  equivalent  one 
with  the  other.  This  stage  is  pei-manent  in  all  the  Spongia3 ;  in 
the  Acalephfo  it  passes  on  into  a  condition  which  is  characterised  by 
differentiation  of  transverse  axes. 

Among  the  Spoiigias  tho  Gastnila  attains,  when  attached  by  its 
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aboral  pole,  to  a  definite  character  of  the  most  simple  form  in  the 
PhysemarisD,  and  in  Olynthus  among  the  Ascones.  In  other  Calci- 
spongioB,  also,  this  simple  form  of  body  is  retained,  but  more 
considerable  changes  in  its  internal  characters  obtain. 

The  most  important  changes  in  the  form  of  the  body  are  due  to 
the  formation  of  colonies.  Colonies  of  the  most  varied  form  (cormi)  are 
formed  by  budding  or  by  incomplete  division,  the  separate  animals 
(personaB)  of  which  are  connected  with  one  another  in  very  various 
ways,  and  may  even  partly  or  completely  fuse  with  one  another  in 
different  ways.  When  these  stocks  are  fused  they  often  have  the 
appearance  of  single  animals,  and  in  proportion  to  the  simplification 
or  their  external  form  is  the  complication  of  their  internal  organi- 
sation. The  modification  of  the  mouths  of  the  colony  affects 
their  external  form  just  as  much  as  does  this  concrescence;  the 
mouths  may  be  collected  into  groups,  or  united  as  one,  or  they 
may  completely  disappear. 

The  groat  variety  of  form  in  this  division,  which  is  due  to  the 
causes  hero  only  indicated,  may  be  still  further  modified  by  numerous 
adaptations,  due  to  their  position  in  space.  Nowhere  in  the  Animal 
Kingdom  does  the  form  of  the  body  appear  to  be  so  changeable  as 
in  the  Spongioo,  so  that  it  is  impossible  to  separate  them  into  large 
divisions,  to  say  nothing  of  species. 

§  73. 

In  almost  all  the  divisions  of  the  Acalephad  the  body  developed 
from  the  Gastraea-form  is  adapted  to  a  sessile  or  fixed  condition; 
the  stomachal  cavity  which  is  formed  when  this  development  com- 
mences causes  the  organism  to  have,  in  all  essential  points,  the  same 
Himple  character  as  it  has  in  the  corresponding  stage  in  the  life- 
history  of  the  Spongiae.  Processes,  known  as  tentacles,  are  developed 
on  ilio  anterior  region  of  the  body- wall,  which  encloses  the  stomachal 
<Miviiy ;  they  present  to  us  the  earliest  indication  of  a  differentia- 
tion of  tlie  secondary  axes,  and  therefore  establish  a  well-marked 
ilintin(^(inu  between  these  forms  and  the  Spongiao. 

TIh<  llydroida  or  Hydroid-Polyps  (Hydriformes)  are  the  lowest 
cif  (ho  llyurotnodusa). 

TtnitiK'h'M  lire  placed  in  many  cases  irregularly  on  the  parts  of 
tlui  lioily  which  Hurround  the  mouth  (Coryne,  Syncoryne,  Cordy- 
hiphoriOi  <»r  (hoir  number  maybe  indefinite,  even  when  the  structures 
uri»  liiuitiul  to  <h'finite  zones  of  the  body,  and  encircle  the  mouth  in 
IhtJ  HUt4uit»r  rc»gion  (Ilydractinia,  Eudendrium,  Campanularia).  As 
tlu»  uiiiuluii'  t>f  tt^ntaolos  varies  we  cannot  suppose  that  the  secondary 
luv^  urc»  di»tlhitt*ly  diflforontiated.  It  is  only  in  a  few  cases  that  they 
ui'U  iU»tluituly  tJXprtmHod  by  the  position  of  the  tentacles  (Stauridium). 

Tliii  fuH*  portion  of  the  body,  with  its  tentacles,  becomes  more 
iuilo|a»iuUmt  i»f  \\w  nwt  of  tlie  body,  which  forms  a  stalk,  while  the 
ulioml  iK»lo  giH^Wrt  out  into  a  stalk-like  part,  which  carries  the  head, 
uuvl  i?i  uiftitiuguiHhed  nn  tho  '^  capitellum  ''  or  "hydranth.'^ 
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Colonies  (cormi)  are  formed  from  single  animals  by  gommation. 
This  may  either  occur  at  any  point  of  the  surface  of  the  body  (Hydra), 
and  end  by  the  bud  breaking  off^  or  it  may  take  place  in  the  stalk- 
like  part.  The  creeping  cormi  of  the  Syncorymda?j  Hydractinije,  etc., 
are  formed  by  processes  of  the  basal  part^  whicb  give  off  new  animals, 
attached  here  and  there  to  it.  When  gemmation  occurs  in  the  free 
part  of  the  stalk  we  get  freOj  branched  colon ies^  whicli  become  compli- 
cated in  very  various  ways  (Eodendrium,  Campanularia),  or  become 
regularly  brancbed  (Sertularia,  Pluoiularia). 

The  formation  of  colonies  is  almost  always  accompanied  by  the 

formation  of  a  tubular  investmeut,  wkich  is  a  secretion  fi'um  the 

surface  of  the  body,  and  whicb  serves  as  a  support  for  the  whole 

[trunks  as  well  as  for  its  branches;  it  is  also  coutinuedj  in  various 

degrees,  on  to  the  persons  of  the  colony. 
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The  process  of  gemmation  in  the  Hydroid  Polypes  produceSj  in 
addition  to  the  growth  of  the  colony  by  freshly-formed  similar 
individuals  (persons)^  structures  of  quite  a  diiferent  kind,  the  most 
differentiated  forms  of  which  are  developed  into  Medustio. 

The  body  of  these  buds  is  of  a  bcU-shaped  or  discoid  form 
(Fig,  i32,  m),  and  by  its  interna!  organisation,  as  well  as  by  the 
tentacles,  wliich  arise  from  the  edge  of  the  bell,  or  disc,  we  are  able 
to  make  out  secondary  axes,  generally  two  in  number,  wbicli  cross 
the  primary  axis  at  right  angles  to  one  another,  and  are  completely 
equivalent  one  with  the  other.  A  liigber  gi*ade  than  that  of  the 
Hydroid-Polyi>s  is  expressed  in  this 
organisation.  The  animals  move  by 
contractions  of  the  bell,  the  edge  of 
which  is  produced  into  a  membrane, 
the  velum,  which  is  also  contractile. 
These  Medusa-gemmae  always  carry 
the  organs  of  reproduction  ;  from  their 
ova  Hydroid  Polypes  again  arise. 
(Alternation  of  Gcnenitkm.) 

Wliile  gemination  of  Medusae  in- 
tended for  a  free  life  distinguishes 
some  Hydroid- Polyp 3  (Fig.  31,  a-e. 
Fig.  32,  ci-e)j  m  othera  the  process 
Btops  at  the  formation  of  a  Medusa- 
bud,  the  organisation  of  wliich  does 
not  quite  attain  that  stage  of  develop- 
ment which  conditions  the  free  mode 
of  life,  and  it  remains  therefore  con- 
nected with  the  colony.    Nevertheless, 

the  normal  development  of  the  sexual  organs  proceeds,  and  in  fact 
these  rudimentary  Medusee  form  "^generative  buds"  (GonopbDres)i 


Fig.  31.     Sfjiicoryne  with  a  imiit- 
bor  of   badding  Modassc  on   it  nt 
different  stJiges  (a-«)  of  develop- 
ment (after  Deaor)* 
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tlie  products  of  wliicli  aro  developed  in  tliem  in  the  same  manner 
as  arc  thoFo  of  tlio  frco  Med  usee, 

Witli  these  are  connected  still  simpler  forms  of  budsj  and  the 
Beriea  ends  with  buds  the  structure  of  which  has  scarcely  anything 
in  common  with  a  Medusa.  But  the  series  which  leads  to  these 
is  perfect,  owing  to  numerous  intermediate  forms,  so  that  external 
buds  J  merely  containing  generative  productvS,  and  Medusas  of  a  rela- 
tively high  organisation,  which  only  become  sexually  mature  Bome 

time  after  leaving  the  Hydroid 
stock,  must  be  regarded  as  the 
widely- separate  terminal  points 
of  one  series. 

This  phtenomenon  is  ex- 
plained by  the  conception  of  a 
division  of  labour,  in  which 
the  function  of  feeding  the 
stock  falls  to  the  share  of  the 
individuals  which  remain  ses- 
sile, while  others  which  are 
broken  off  take  on  the  duty 
of  sexual  reproduction.  Those 
buds  which  will  become  free 
have  a  higher  organisation, 
whicli  has  been  gi*adually  de- 
veloped from  the  lower  forms, 
and  primitively  resembled 
those  that  remain  sessile.  The 
separation  from  the  stock  may 
therefore  be  regarded  a.s  the 
primary  cause  of  the  differen- 
tiation of  the  sexual  indiv^iduali 
in  the  medusoid  direction, 
while  the  perraanenco  of  the 
sessile  habit  of  the  medusoid 
buds,  in  other  cases,  is  accom- 
panied by  a  degeneration  of 
their  medusoid  organisation. 
But  if  this  orgam"sation,  as  we  supposed  above,  has  been  obtained 
by  a  primitive  freedom  of  life,  the  medusoid  buds  must  necessarily 
bo  regarded  not  as  arrested  in  an  onward  development,  but  rather 
as  Medusa -buds  in  course  of  degeneration.  A  definite  conclusion 
on  the  subject  is  not  possible,  on  account  of  the  fact  that  the  seveml 
stages  of  degeneration  might  be  precisely  similar  to  those  of  deve- 
lopment, and  retrogressive  metamorphoses  have  not  been  directly 
observecL 

The  gemmation  of  generative  individuals,  for  such  must  the 
medusiform  bods  and  their  modifications  be  considered  to  be,  takes 
place  at  different  points.  As  the  formation  of  a  stock  is  a  secundary 
process,  the  production  of  budsou  the  body  of  the  single  animal  must  be 


Fig,  32,  A  poi  tiou  of  a  colony  of  a  Hydroid- 
Fol)^  (Eudciidriiim  mmosuiii)  with  bod* 
tliiig  M(Hlii8a>.  p  p  p  Kntritivo  pet'sona. 
a  h  c  d  tf  Different  gto^ifCB  lu  tbo  dilEet'on* 
tiatiou  of  ibo  budding  Modusa^.  m  m  Froa 
Medusa?  iu  ^tfferctit  positions. 
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I tlic  primitive  mode.     It  15  found  on  this  region  in  all  divisions  of  the 

LHydroid-Polyps»     The  stocks  of  the  Coryiiidse  have  buds  distributed 

over    the    hydranth.      They   are  frequently   placed    between   the 

tentnclesp     In  Peunaria  thej  are  found  within  the  circlet  of  tentacles  ; 

and  on  the  same  place  in  the  Tnbularite,  >Yhere  they  are  always  placed 

some  quantity  ou  a  common  stalk,  forming  groups  like  gi-apes,  or 

*rs  of  corn.     Gemmation  on  the  body  of  the  Hydro ida  m^  in  many 

[eiises,   accompanied  by  a   degenerntion.     lu  many  CarapanulsiriBe, 

Hydractinite,  and  others,  the  proliferating  individual  gives  up  its 

share  iu   the  duty  of  feeding  the  stocky  as   is  expressed   by  the 

diminished  size  of  its  tentacles  and  stomachal  cavity*     The  animal 

stock  is  therefore  composed  of  nutritive  and  proliferating  persons, 

the  latter  again  boiiring  the  buds  or  generative  persons.     This  is 

the  way  in  which  the  Dimorphism  of  Persons  arises  in  these 

Ivtocksj  and   this  passes  into  Polymorphism,  iu  consequence  of  a 

^Bnmber  of  the  nutritive  persons  undergoing  still  further  changes 

(Hydractinifc). 

The  proliferating  persona  of  a  colony  present  various  degrees  of 
degeneration.  In  the  most  extreme  case  a  portion  only  of  the 
individual  which  bore  the  buds  remains  after  they  aro  developed 
(e.g.  in  many  Campanulariao) .  The  complete  degeneration  of  the 
proliferating  person  causes  the  gemmae  to  arise  from  any  part  of  the 
common  stocky  without  any  relation  to  a  Hydroid  person, 

Iu  the  higher  divisions   of  the  Medusiforraesj  relations  to  tlic 

IHydroida  are  lost,     Although  there  are  many  considerable  complica- 

rtions  in  the  mode  of  reproduction  (see  below.  Generative  Organs)j 

yet,   so  far  as  is  yet  known,  there   is   among  the   Trachyuemidaa, 

^ginidse,  and  Geryonidte  no  retui*n  to  the  hydi^oid  form;  and  it 

is  donbtfol  whether  any  such  relation  does  obtain. 


§  7.-,. 

The  division  of  labour,  which  in  Hydroid* Polyps  is  essentially 
limited  to  the  nutritive  and  generative  functions  of  the  persons 
united  into  a  colony,  is  es:tended  over  a  larger  series  iu  the  Sipho- 
nophora ;  and  we  met  therefore  with  great  variety  in  the  form  of 
the  component  parts  of  the  colony.  Division  of  labour  thus  leads 
to  Polymorphism  of  the  persons.  They  all  follow  the  mednsiform 
type,  which  is  developed  to  a  greater  or  less  extent.  When  it 
is  distinctly  developed,  the  fundamental  form  which  shows  itself 
in  the  medusa-buds  of  the  Hydroid- Polyps  predominates,  so  that 
it  is  clear  that  both  groups  have  had  a  common  origin.  The 
Siphouophora,  therefore,  appear  to  bo  swimming  Hydroid  colonies, 
all  the  persons  of  w^hich  have  passed  into  the  medusa  form  ;  a  change 
which  is  complete  in  the  generative  persons  only  of  the  Hydroid- 
Polyps,  The  separate  persona  of  the  colony  of  the  Siphonophora 
arc  developed  on  a  common  contractile  stem,  which  in  most  forma 
represents  the  axis  of  the  stock,  and  around  wliicb  the  persons 
which  function  as  organs  of  the  whole  colony  appear  to  be  arranged. 


96 


COMPARATIVE  ANATOMY: 


These  are — 

1)  Locomotive  Persons  (Nectocalyces) :    those  conform  most 
completely  to  the  Medusa-type,  and  are  united  together  by  twos 


Fig.  83.  Some  colonies  of  Siphonophora.  ADiphyes  campanulata,  B  A  group 
of  appendages  of  the  stem  of  the  same  Diphyea.  C  Phyaophora  hydroatatica. 
A  separate  noctocalyx  of  it.  E  Closter  of  female  generative  bads  of  Agalma  Saraii, 
D  a  Trunk  or  axis  of  the  colony,  d  Air-bladder,  m  Nectocalyx.  c  Cavity  in 
noctocalyx,  invested  by  a  contractile  membrane,  v  Canals  in  the  walls  of  this  cavity. 
0  Opening  of  the  nectocalyx.  t  Bracts  (in  c  represented  by  tentacles),  n  Stomach. 
♦  Fishing-lines,    g  Generative  organs. 


(Diphyidae),  or,  by  a  larger  number,  to  form  a  swimming  column 
(Physophoridee),  which  occupies  the  end  of  the  stem  (Fig.  33, 
A  0,  m  D)y  and  which,  therefore,  takes  the  lead  when  the  colony  is 
moving,  and  is  directed  anteriorly. 

2)  Nutritive  Persons  are  present  in  the  second  division  of 
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the  stem,  where  thej  have  the  fgnii  of  stomaclial  tubes  (stonmchs, 
sucking  tubes)  {B  C  n*)  In  some  cases  some  of  theiu  are  not  fully 
developed^  but  form  tubea  closed  at  the  endj  which  function  as 
"  tentacles/' 

3)  Protective  Persona  (Hydrophyllia)  :  in  these  one  can  often 
make  out  the  Medusa- type  quite  clearlyj  bat  in  other  cases  it  is 
much  less  distinct,  and  they  then  have  the  appearance  of  hyaline, 
lamellar  pieces,  overlapping  the  persons  described  under  2,  4,  and  5. 

4)  Tentacular  Persons:  these  form  simple  or  elongated 
filaments  (grappling-lines),  which  are  an*anged  in  tufts,  are  capable 
of  great  extension,  and  are  provided  with  special  urticating  organs 
(Urticating  batteries).  The  primitive  Medusa  form  can  be  made  out 
in  a  few  only  of  these  organs,  and  that  faintly. 

5)  Generative  Persons  :  as  in  the  Hydjoid-PolypSj  these  may 
be  seen  in  various  stages  of  development.     Although  it  is  in  a  very 

I  few  cases   only   that   they  are   metamorphosed  into  Mednsee  that 
i^'become  free  (Velella — Chrysosmitra),  the  medusiform  type  is 
very  commonly  well  marked  among  them.    They  are  generally  found 
in  racemose  bunches,  just  as  in  the  Tubul arias. 

The  arrangement  of  these  very  varionsly  differentiated  persons  of 
the  stock  of  the  Siphonophora  differs  in  the  different  divisions,  while 
the  locomotor  and  the  protecting  persona  are  completely  wanting 
in  many  genera.  In  general  the  arrangement  or  distribution  of  the 
polymorphous  persons  of  the  stock  is  obsen^ed  to  be  very  constant 
in  genera  and  species  ;  gemmation  from  the  stock  takes  place  on 
one  side  only,  the  arrangement  of  the  bads  all  round  the  stock  being 
due  to  its  spiral  twisting.  This  is  the  cause  of  the  arrangement  of 
the  nectocalyces  in  two  or  more  rows,  as  well  as  of  the  grouping  of 
the  other  organs.  Nutritive,  generative,  and  tentacular  individuals 
are  generally  placed  together  in  groups,  in  such  a  way  that  there  is 
one  bract  to  a  group.  While  in  most  Physophorida?,  these  groups 
are  very  close  to  one  another,  they  are  set  at  greater  distances 
from  one  another  in  the  Diphyidce  (Fig.  33,  A  B),  and  each  group  is 
composed  of  a  certain  number  of  persons  which,  by  breaking  off 
from  the  stock,  may  become  distinct  individuals  (Eudoxise) . 

The  anterior  end  of  the  stem,   which  is   distinguished    by  the 
presence  of  locomotor    persons,  becomes    in  many   divisions  par- 
ticularly perfect,  owing  to  the  development  of  an  air  sac.     This  has 
the  functions  of  a  hydrostatic  organ,  and  causes  the  anterior  end  of 
the  body  to  be  always  directed  upwards  while  the  stock  is  at  rest 
(Physophoridae).     (c  a,)     It  has  an  opening  to  the  exterior,  which 
can  be  closed,  and  by  which  air  has  been  observed  to  escape.     The 
greater  development  of  these  bhiddei-s,  wliich  in  most  Physophoridso 
kare  rather  small,  appears  to  cause  a  degeneration  of  the  locomotor 
rbuds  of  the  stock;  and  thus  there  seems  to  be  a  kind  of  compensat- 
ing arrangement,  through  which,  however,  the  power  of  the  colony 
to  move  actively  is  diminished.     Instead  of  swimming,  it  now  is 
driven  through  the  water.     The  locomotor  persons  are,  for  example, 
^absent  in  Rhizophysa,  in  which  the  air  sac  is  increased  in  size.     By 
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becomiDg  greatly  increased  into  a  wide  cavity,  the  air  sac  occnpies  tlie 
greatest  part  of  tbe  stcrn^  and  thus  forms  the  largest  portion  of  the 
colony,  the  separate  pieces  of  which  look  like  appendages  placed  on 
one  side  of  the  bladder.  This  character  is  greatly  developed  in  the 
Phy  sal  idle,  and  m  accompanied  by  the  shortening  of  the  stem. 
Another  condition  obtaiDs  in  the  Velellidte^  where  the  air  sac  is 
placed  on  the  end  of  the  greatly  f^hortened  trunk,  and  is  developed 
by  lateral  extension  into  a  disc,  the  cartdagiuous  firm  walls  of  which 
divide  the  internal  cavity  into  numerous  chambers  by  forming  walls 
of  partition.  In  the  earliest  stages  of  development  the  air  sac  is 
simple  in  these  forms  also.  In  Porpita,  the  disc  remains  flat  and 
circular;  in  Velella  it  is  produced  into  a  diagonal  vertical  crest,  into 
which  the  air  spaces  of  the  disc  are  not  continued.  The  concentri- 
cally-arranged chamber-spaces  of  the  air  sac  in  Velella  are  connected 
by  apertures.  They  open  to  the  exterior  by  a  number  of  holes 
placed  on  the  surfctco.  In  Pnrpita,  fine  air  passages,  in  tbe  form  of 
canals,  pass  off  from  the  inferior  surface  of  the  air  sac,  and  enter 
into  and  branch  in  the  portion  of  the  stom^  which  carries  the 
nutritive  individuals, 

§   76. 

The  Thecomedusie  are  polypoid  Coelenterata  provided  with  a 
test,  and  are  allied  to  the  Hydiiformes^  although  in  organisation 
they  resemble  Medusa);  they  are  indeed,  intermediate  between  these 
two  groupsj  for  they  are  repreaeutativea  of  forms  which  are  closely 

allied  to  the  larvas  of  the 
Discophora.  This  larval 
form  (Scy|>hostoma}  seems 
to  be  more  highly  organised 
than  most  of  the  Hydroid- 
Polyps ;  it  presents,  indeed^ 
points  of  connection  with 
only  a  few  of  them  {Cory- 
morpha).  It  is  developed, 
]ust  like  the  Hydroid-Pulyps, 
from  a  planula,  which  is  at 
first  free,  and  whicli  after- 
wards becomes  fixed »  But 
the  fundamental  fonn  of 
the  body  resembles  not 
only  that  of  many  Hydroid- 
PolypSj  but  their  Medusa 
stage  also,  for  two  equiva- 
lent secondary  axes  cross 
the  primary  one.  The  organs 
are  arranged  by  fours,  so 
that  four  antimeres  can  be  distinguished  in  the  body.  Medusae  are 
budded  off  from  this  polyp-form^  but  gemmation  docs  not,  as  in  the 
Hydroid-Polyps,  take  place  at  the  side,  but  at  the  end.   The  terminal 


Fig.  34  Yonug  stages  of  Amelia  aiirita. 
1  Planala-fonii,  attUL-bing  itself.  2,  3  Pagfiti^,! 
iota  the  Polyp- fotm*  4  Coininejicomctit  of  tho 
forBjatioB  of  luetnmores*  G  Conliiiiictl  foriiia* 
tiQH  of  motanierea  (Strobila)  and  the  diiloreu- 
tmtion  of  them  (after  M«  Sars). 
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B|||lith-bo£Li'ing  portion  of  Scyptostoma  is  gradually  nipped  off  from 
''tlio  rest  of  tho  body  (Fig.  34^  i).  As  tho  body  grows  the  new  por- 
tions^ wliicb  aro  fonned  towards  the  aboral  poloj  become  separated 
nietamerically  (Strobilaj  Fig.  34^  6)j  and  all  are  developed  on  a 
Medusa  type.  Tlio  polyp-body  is  thus  divided  into  a  nninber,  often 
a  largo  number,  of  Meduste,  which  gradually  break  off  (Ephyi^a 
form),  and  when  they  aro  free  become  more  developed. 

This  process,  which  has  been  observed  in  Cephajii,  Aurelia,  and 
Cassiopeia,  does  not  obtain  in  Pelagia,  the  ova  of  which  are  con- 
verted into  Bwiniming  larvje,  wlncli  become  young  Medusa?,  without 
passing  through  the  polyp  stage.  The  development  of  Pelagia  is 
therefore  compressed  into  a  few  stages,  while  in  tho  others  it  is 
extended  over  a  large  series  of  forms,  and  is  a  more  complete 
i^cpctition  of  the  paheontological  development.  The  polypoid  must 
be  regarded  as  tho  initial  stage,  and  was  followed  by  tho 
gradufd  metamorphosis  of  the  polyp  into  a  free  Medusa.  On 
this  hypothesis,  the  strobilation  of  Scyphostoma  and  the  consequent 
development  of  a  number  of  Medusre,  appears  to  bo  a  secondary 
.process,  which  could  only  como  about  gradually,  and  after  tho  whole 
||jolyp-body  had  ceased  to  be  converted  into  a  Medusa.  It  is  clear, 
from  the  gi'owth  of  the  polyp,  while  it  is  passing  into  the  Strobila^ 
that  an  important  part  must  be  played  by  the  nutritive  relations  of 
|,tiia  Scyphostoma  stage,  in  giving  rise  to  the  Strobila-form,  or,  in 
I  other  words,  in  producing  the  Mednsoe  by  gemmation ;  the  whole 
phaanomenon,  therefore,  appears  to  be  causally  related  to  the  nutri- 
tion of  the  Scyphostoma.  By  the  gemmation  of  Ephyra3,  i.e*  of 
young  Discophora,  from  the  body  of  the  Strobila,  an  asexual  mode 
of  multiplication  is  interposed  in  tho  developmental  process  of  tho 
Medusa? ;  and  thus  we  have  brought  about  one  form  of  the  so-called 
alternation  of  generation. 

By  the  Scyphostoma  form  the  Medusas  arc  closely  related  to 
the  Calycozoa,  which  appear  to  bo  derived  from  them.  The  body, 
which  is  attached  by  a  short  stalk,  is  widened  out  like  an  umbrella, 
and  agrees,  as  to  its  axes,  with  tho  Scyphostomic,  and  their 
^descendants.  In  many  points  they  also  present  relations  with  the 
rAnthozoa.  Tho  Calycozoa,  therefore,  present  us  with  a  very 
important  intermediate  form,  which  has  been  continued  on,  with 
rehitively  few  modifications,  from  the  ancestral  form  common  to 
several  large  divisions  of  the  Acalepha?. 

I  §  77, 

I  In  tho  Anthozoa  the  primitive  form  of  the  body  is  exactly  the 
Ifiame  as  that  of  the  other  Ccelenterata ;  and  even  the  earliest  stages 
"of  tho  fixed  planula  present  no  essential  differences.  The  appear- 
ance of  tentacles  and  the  subsequent  internal  differentiation  give 
rise  to  various  differences,  the  first  of  which  affects  the  fundamental 
nimiber  of  tho  secondaiy  axes  of  the  body.  In  some  only  four 
tentacles  appear  (Tetractinia),  in  others  six  (Hexactinia),  and  finidly, 
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in  others,  eight  (Octactinia) ,  In  the  first  two  divisions  this  nnmber 
is  not  permanent,  but  the  tentacles  are  soon  increased  in  number, 
and  there  is  a  corresponding  change  in  the  internal  organisation. 
A  larger  number  of  transverse  axes  can  then  be  made  out  in  the 
organism,  but  their  fundamental  number  in  most  cases  remains 
the  same  as  at  first.  In  the  Octactiniaj  however^  the  first  fonr 
transverse  axes  persist. 

The  body  of  the  young  animal  is  generally  cylindi'ical,  but  this 
form  is  retained  in  a  few  divisions  only  (Cereanthus,  Actinia).  In 
the  other  forms  colonies  are  built  up,  and  this  causes  the  external 
appearance  to  vary  gi'eatly.  The  stocks  (Pol^^ariie)  are  formed 
either  by  incomplete  division,  or  by  gemmation^  or  by  both  com- 
bined. 

Longitudinal  division  aids  in  tlie  formation  of  the  colony  to  a 
varying  extent.  In  many  cases  it  is  merely  indicated  by  transverse 
growth,  and  does  not  lead  to  any  division  of  the  organism,  as  in 
many  FungiEO.  In  others,  division  affects  the  oral  surface  only,  and 
the  iuternal  parts  remain  continuous.  When  this  process  goes  on 
for  some  time,  colonies  with  a  large  number  of  orifices  are  formed, 
which  are  arranged  in  variously-curved  rows,  beset  at  their  edges 
with  tentacles  (M[Eandrina).  Whilst  flattened  or  extended  racemose 
colonies  are  formed  in  this  way,  branched  stocks  are  funned  when 
division  is  combined  with  a  considerable  gi'owth  of  the  persons  in 
a  longitudinal  dirt^ction  ;  and  these  stocks  may  not  only  vary  in  size 
but  also  be  branched  in  various  ways.  In  the  same  way  gemma- 
tion may  bo  the  cause  of  the  farniatiuu  of  comphcated  colonies*  In 
either  case  there  is  a  portion  of  the  body  (cosuosarc,  coenenchyma) 
common  to  all  the  persons,  and  belonging  to  the  common  stock. 
The  basal  portion  of  the  stocks  of  those  Octactinim,  which  are  not 
fixed  but  sot  loosely  in  tho  mud  or  sand,  are  developed  from  this 
cmnosarc  and  form  a  solid  stalk -like  portion  of  the  stock,  in  which 
gemmation  does  not  occur  (Ponnatulidaa). 


§  78. 

In  tho  Ctenophora,  which  is  tho  division  differing  most  from  the 
other  Acalepha?,  the  permanent  form  of  tho  body  is  developed  from 
a  larva,  which  in  all  essential  points  is  sunilar  to  that  of  the  others. 
In  the  Ctenophora  there  are  four  secondary  axes,  perpendicular 
to  the  primary,  and  tho  most  important  organs  are  arranged 
conformably  to  tliose.  The  body  therefore  follows,  generally,  the 
radiate  typo,  which  is  best  developed  in  the  Beroida^  This  eight- 
rayed  form  is,  however,  derived  fi'oni  a  four-rayed  form,  each  radius 
having  been  split  up  into  two.  Each  of  the  two  radii  which  arise 
from  a  primitive  radius  are  equivalent  to  the  opposite  radii  of  the 
same  transverse  axes.  The  development  of  the  body  follows  the 
poles  of  one  of  the  two  transverse  axes.  The  differentiation  which 
apises  in  this  way  is  clearly  seen  in  the  Cydippidtn;    it  is  more 
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f distinct  in  the  Mnomida},  owing  to  the  presence  of  lobate  processes 
[directed  towards  the  oral  poloj  and  most  distinct  in  Ce.stumj  where 
rthe  form  of  the  body  hiia  become  that  of  a  band,  from  its  having 
grown  in  the  direction  of  two  similar  int^erradii* 


Appendages, 
5  70. 

I  comprise  under  the  head  of  appendages  those  processes  of  the 
body  which  are  tnown  as  tentacles;  they  are  either  altogether 
absent  or  are  only  just  indicated  in  the  Spongi^,  but  in  the 
Acalephm  they  are  widely  distributedj  and  largely  affect  the  external 
form  of  these  organisms,  in  addition  to  which  they  are  of  great 
physiological  importance  to  its  general  economy.  Most  of  them 
are,  like  the  wall  of  the  body,  contractile,  but  there  are  stiff  forms 
which  are  not  capable  of  much  movenicBt  (Trachynemidte) .  The 
tentacles  are  the  seat  of  a  hirge  amount  of  sensibiUty,  and  function 
as  sensory  organs ;  in  many  cases  they  are  organs  of  prehension ; 
and,  finally,  they  serve  as  organs  of  oifenco  by  means  of  the 
uHicattng  cells  which  arc  attached  to  them. 

The  Hydroid- Polyps  present  the  lowest  condition;  in  many 
divisions  of  them  the  tentacles  are  scattered  over  the  surface  of  the 
most  anteiior  portion  (or  portion  lying  nearest  the  oral  pole)  of  tho 
body.  In  many  they  may  be  seen  to  be  arranged  more  regularly, 
[and  in  others  they  form  a  "circlet  of  tentacles^'  (Hydractinia, 
Eudendrium,  Campanularia) .  This  is  generally  placed  at  some 
distance  from  the  mouthy  and  gives  a  higher  importance  to  this 
part,  which  appears  to  be  analogous  to  a  head ;  and^  indeed,  the 
tentacular  portion  of  the  body  (hydranth)  of  the  Hydroida  is  called 
a  **  capitellum/' 

The  development,  in  tho  Tubularia,  of  a  second  circlet  of 
f'tontades,  which  directly  surrounds  the  mouth,  is  correlated  with  the 
higher  differentiation  of  the  whole  body.  The  outer  circlet  of 
tentacles  is  moved  to  the  edge  of  the  hydranth,  as  this  portion 
becomes  flattened  out  into  a  disc.  Oral  and  marginal  teutacles 
can  then  be  made  out.  The  latter  are  greatly  developed  among  the 
Hydromodusa?  as  well  as  among  the  Medusa. 

The  marginal  tentacles,  or  marginal  filaments,  which  are 
generally  greatly  elongated  filamentous  appendages  of  the  edge  of 
the  bell  or  disc  in  tho  Hydromedusa3,  are  always  arranged  in  corre- 
spondence with  the  radii  of  the  body.  Where  interradial  tentacles 
are  present,  they  generally  follow  the  radial  ones,  even  when  there 
is  a  large  number  of  them.  Sometimes  they  ai^e  arranged  in  tufta 
(Lizzia),  or  are  bi-anchcd  (Cladonema).  In  opposition  to  the  increase 
in  the  number  of  tentacles,  until  it  surpasses  that  of  the  rays^  is  the 
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diminution  of  these  structures,  Saplienia  lias  only  two  ieiitacleM 
in  some  forms,  only  one  is  developed  (Steustmpia),  In  the  Trachy- 
nemidte  aha,  the  tentacles  are  arranged  i-adially,  and  many^  as  the 
iEginidte,  have  interradial  ones  in  addition.  The  attachment  of  the 
tentacles  to  the  body  in  peculiar,  as  the  tissue  which  suppurts  them 
often  sends  a  considerable  proce,ss  into  the  body,  Eeduction  occurs 
here  also,  ^ginopsis  has  only  two  tentaclcB.  In  the  Geryonidas  a 
change  of  tentacles  takea  ])laco,  the  young  auinml  having  filaments 
which  are  not  permanent  (larval  tentacles)  and  which  are  different 
in  Btrncturo  from  the  permanent  ones. 

The  oral  tentacles  distributed  among  the  Hydromodiisao  like- 
wise correspond  in  number  to  the  radii  of  the  body.  They  are 
Bometimes  simple,  aometimes  branched*  They  are  not,  however, 
always  present,  and  are  frequently  replaced  by  outward  gi'owths  of 
the  edge  of  the  mouth.  They  arc  generally  wanting  in  the  Trachy- 
nemidte  and  /Eginidic, 

Among  the  Siphonophora  aU  the  medasiform  persons  want  the 
marginal  filaments,  whicli  seem  to  be  indicated  merely  as  rudiments; 
fls,  for  example,  in  the  uematophorous  enlargements  of  the  protective 
persons.  This  want  of  an  organ  important  in  the  economy  of  the 
colony  ifcj  compensated  for  by  the  ^Hentacles^^  and  the  '^grappling- 
lines,'^  which  can  bo  shown  to  bo  modifications  of  mediisiform 
persona  (§  75). 

The  marginal  filaments  are  %vauting  in  the  divisions  of  the 
Ehizostomidai  and  Cyaneie  among  the  Discophora;  they  have  four 
large  groups  of  tentacles  which  arise  from  tlie  lower  surface  of  the 
umbrella,  and  which  con  be  considered  either  as  marginal  fihimeuta, 
or  as  oral  tentacles.  In  others  there  are  marginal  filaments  present, 
corresponding  in  number  to  the  radii,  and  sometimes  even  interradial 
ones  are  present,  Ijven  in  the  CharabJeidte,  Charabdea  has  four 
tentacles  carried  by  the  arrow-shaped  processes  of  the  hell ;  in 
Tamoya  {T,  r[uadruiuana)  these  are  represented  by  the  same  number 
of  tiilts.  The  filaments  are  more  numerous  in  the  Pelagia?,  whilst 
the  Aurelite  are  distinguished  by  a  very  large  number  of  fine  marginal 
ones.  Oral  tentacles  are  developed  as  fine  fringing  processes  on 
the  edges  of  the  arms  which  surround  the  mouth.  In  the  Bhizo- 
stomidto  they  are  distributed  along  the  numerous  grooves  which 
carry  tlie  oral  pores. 

Two  kiuds  of  marginal  filaments  may  be  observed  in  the  Lucern- 
aria3 ;  in  one  division  (L,  cyatliiformis)  the  filaments  which  beset  the 
edge  of  the  cup-sliaped  body  are  just  like  those  wliich  are  found  in 
the  Medusie,  but  they  may  he  seen  to  he  broken  up  into  eight 
groups  j  in  the  other  (L,  auricula)  they  form  eight  tufts  placed  on 
the  ends  of  the  four  processes  which  project  from  the  body. 

The  tentacles  of  the  Anthossoa  are  diffcront  in  the  large  groups  of 
that  class.  Eight  lamellar  tentacles,  indented  or  feathered  in  appear- 
ance, surround  the  mouth  of  the  Octactinia,  There  is  a  much  larger 
number  of  cylindrical  tentacles  in  the  Hexactinin.     They  surround 
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tlie  oral  surface  of   tlie  body,  or  are  Bcattered  oyer  it ;    tliey  are 
.sometimes  produced  ou  to  lobate  processes  also* 

In  tlie  Ctonophofa,  processes  of  no  great  size  are  also  occasionally 
present  on  the  edge  of  the  motitli  in  somo  families  {CaljmnidaB, 
Callianiridte)  ^  and  there  are  large  elevoted  lobate  extensions  of  the 
body,  which  wo  may  regard  as  teutacular  organs^  although  moriDbo- 
logieally  tbey  are  different  structui^es.  Besides  these,  some  genera 
(Cydippidne)  have  *'  grappling-lines/^  which  i-esemble  the  marginal 
filaments  in  the  Medusa?,  and  correspond  in  position  with  the  poles 
of  an  interradial  transverse  axis :  sometimes  they  are  provided  with 
secondary  appendages. 


Integument 

The  most  primitive  characters  of  the  integument  of  the  Ccelon- 
terata  are  seen  in  the  Spongite,  where  it  is  composed  of  the  ecto- 
derm, which  is  but  slightly  differontiated,  and  follows  the  various 
changes  of  form  in  the  endoderm,  which  limits  the  nutritive  cavity. 
The  special  characters  consequent  on  this  relation  are  referred  to 
below  (§  87) ♦  In  the  Phy.semaria3  the  cells  of  tlie  ectoderm  form  a 
syncytium.  In  the  Porifcra  they  may  be  sometimes  seen  to  form  a 
thin  layer  (Halisarciua,  Sycon), 

Among  the  Acalephce,  the  ectoderm  undergoes  di^erentiation 
very  early,  so  that  the  most  external  layer  of  cells,  or  epidermis, 
which  is  diatril>uted  over  the  whole  body,  represents  in  most  cases  a 
portion  only  of  the  primitive  ectodermal  layer.  The  investment 
of  cilia,  which  in  the  Spongite  is  limited  to  the  earlier  stages  of 
developmentj  not  only  persists  in  the  Acalephae  during  the  so- 
cBlled  larval  stages,  when  it  has  a  locomotor  function,  but  is 
frenuently  continued  on  into  the  later  Btages,  when  it  is  generally 
limited  to  separate  parts,  e.g.  the  tentacles* 

As  the  body  increases  in  size,  the  importance  of  the  cilia,  as 
h^oomotor  organs,  disappears.  In  one  class  only — the  Ctenophora — 
do  they  retain  this  function,  and  they  are  then  increased  in  size.  In 
the  place  of  the  general  investment,  as  seen  in  the  larva,  structures 
resembling  cilia  are  disposed  in  longitudinal  rows,  and  by  increasing 
in  lengtli  and  breadth  become  converted  into  movable  swimming 
or  rowing  plates.  The  plates  are  attached  to  the  body  by  their 
broader  base;  it  is  at  this  point  only  that  contractility,  dependent 
on  the  voluntary  influence  of  the  animal, is  manifested;  the  rest  and 
larger  portion  of  the  plate  seems  to  be  rigid.  There  are  generally 
eight  rows  of  these  plates,  which  act  as  steering  organs ;  but  in  many 
Ctenophora  there  are  only  four  rows  (Cestum).  The  urticating 
capsules  (nemocysts)  are  special  dilierentktions  of  the  epitheUai 
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elements,  wliicli  are  found  in  all  the  AcaleplisB,  althoagh  they 
are  not  confined  to  them.      They  are  firm  capsules  (Fig.  35,  B), 
which  are  formed  in  the  protopksm  of  the 
/  -^1  cell,  and  in  which  an  elastic,  spirally-coiled 

^  f\  thread  {A)  is  found ;  this  is  generally  emitted 

in  the  form  of  a  stifiE  body,  when  the  cap- 
sule is  touched.  These  "  stinging  organs  '* 
are  sometimes  solitary,  sometimes  in  groups, 
and  at  times  they  are  veryregularly  arranged. 
They  often  become  greatly  complicated,  as 
in  the  stinging  knots  of  the  Siphonophora, 
where  they  are  often  arranged  in  spiral 
bands.  These  ''  stinging  batteries  '*  develop 
on  the  surface,  but  are  often  provided  with 
a  special  investment  formed  by  a  fold  of 
the  integument. 

Although  these  structures  are  scattered 
over  the  whole  surface  of  the  body,  and  are 
not  absent  even  from  the  endoderm  and  its 
products,  yet  many  parts  of  the  body  are 
specially  characterised  by  them ;  above  all, 
the  tentacles,  or  other  processes  of  the  body. 
The  urticating  capsules  vary  greatly  in  form, 
as  does  the  filament  in  structure ;  and  these 
differences  are  characteristic  of  the  different 
divisions. 

Further,  the  ectoderm  has  a  secreting 
activity,  by  which  tests,  which  more  or 
less  invest  the  body,  are  formed.  They  are 
very  common  among  the  Hvdroid-Polyps, 
where  they  are  formed  of  a  firm  substance 
allied  to  chitin,  and  are  often  provided  with 
various  sculpturings,  fiutings,  spines,  ridges, 
and  so  on.  These  tubular  tests  are  especially 
found  among  the  colonial  Hydroid-Polyps ; 
they  are  sometimes  limited  to  the  fixed 
portion  of  the  common  stock  (Hydractinia), 
sometimes  continued  on  to  the  branches 
of  the  stock  (Tubularia,  Eudendrium,  Pennaria),  and  sometimes 
they  are  found  even  on  the  separate  persons  (Campanularia, 
Sertularia).  This  provides  the  soft  polyp-stock  with  an  organ  of 
support,  by  which  it  is  enabled  to  raise  itself  from  the  ground,  as 
well  as  to  attach  itself. 


Fig.  86.  Different  forms  of 
nrticating  capsules,  a  Cap- 
sule of  CorTnactis ;  1  With 
the  filament  spirally  coiled  ; 
2  Extended.  B  C  Capsules 
of  Siphonophora:  the  fila- 
ments  extended  and  partly 
provided  with  hooks.  D  Ur- 
ticating  cells  of  Medusa); 
filaments  still  rolled  up ;  in 
one  not  yet  differentiated, 
and  the  nucleus  of  the  ceU 
still  visible. 
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Skeleton. 
§  81. 

In  addition  to  the  organs  of  support^  which  are  formed  by  tho 
above-mentioned  tests,  the  Ccelenterata  have  various  other  forms  of 
skeletons,  which  are  differentiations  of  the  mesoderm. 

There  are  none  in  the  Physemarisej  which  make  np  for  tho 
absence  by  taking  np  foreign  bodies  into  their  ectoderm ;  in  the 
Poriferaj  some  of  which  have  no  firm  structures  (Halisarcina),  organs 


Fig.  36.     A  portion  of  the  sarfac©  of  tho  body  of  &  Calcareous  Sponge  (Sycftltis 

perforata)  to  ahow  tho  triradiate  Bi>icu]ea.    o  Dermal  ostia,  each  of  thorn  Boirounded  by 

a  circlet  of  apacules  (after  Hackel). 

of  support  are  formetl  by  firm  needles  (spicuk),  or  softer  fibres, 
which  are  placed  in  the  mesoderm.  The  former  are  formed  of  chalk, 
or  of  silica ;  the  spotigea  are  known  accordingly  as  Calcareous  or 
Siliceous  sponges.  The  spicules  of  the  Calcispongiaa  are  simpler  in 
characterj  for  they  are  either  acicular  tri-  or  quadri-radiate  |  they 
present  great  regularity  of  distribution  aod  arrangement^  together 
with  nuioerons  modifications  in  individual  characters.  The  above 
figure  gives  a  representation  of  the  spicula  of  a  Calcareous  Sponge. 
The  hard  structureg^  when  formed  of  silicaj  are  mnch  more  varied  in 
form.  In  addition  to  the  acicular  structures,  which  are  combined 
together  in  various  ways  to  form  multiradiate  stars,  there  are 
various  other  kinds  of  firm  parts,  as,  for  example,  the  amphidiscs 
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Fig.  87.  1  Cell  nvhlx 
a  siliceous  spieale  of 
BpougUla.  2  YcB> 
ioie  with  an  amphi- 
diao  of  Spongilla 
(lifter  N.  Lieber- 
kiihn). 


(Fig.  37,  2).  The  siliceous  spicules  are  often  greatly  elongated, 
and  form  excessively  delicate  skeletons  (Euplectella),  or  they  form 
bulky  struct  area  wliicli  project  as  tufts  of  fila- 
ments far  beyond  the  body  (HyaloneDm).  Lastly, 
in  the  Fibrospongia^,  tho  skeleton  of  the  body 
is  formed  by  fibres  united  into  a  network,  which 
consist  of  a  substance  allied  to  chitin. 

In  the  Acalephio  also  the  deposition  of  in- 
organic substances  iu  tlie  mesoderm  leads  to  the 
forumtion  of  vmious  kinds  of  skeletons.  In  the 
Anthozoa  they  generally  have  the  form  of  colonies, 
and  the  liard  substanco  is  almost  always  formed 
of  calcareous  salts.  These  give  rise  to  deposits 
(Fig.  45)  of  definite  form  {Fig.  38),  which  aro 
scattered  in  the  soft  parts  of  the  body;  or  to 
connected  masses,  which  vary  in  form  according 
to  tlieir  mode  of  development.  The  calcareous 
bodies  (spicula)  always  lie  in  the  connective -tissue 
of  the  parenchyma,  and  are  very  varied  in  form.  They  have  an 
organic  basis,  which  retains  the  form  of  the  spicula  after  the  lime 

is  remoTcd.  TJie  cvmnected  skeletal 
parts  are  formed  eitlier  by  the  union 
of  spicula,  which  are  connected  to- 
gether by  a  hard  organic  substance, 
as  in  Corallium,  or  by  the  dii'ect  cal- 
cification of  a  secreted  horny  sub- 
stance, which  lies  in  the  axes  of  tlio 
cnenenchyma,  and  does  not  possess 
spicula.  When  the  organic  sub- 
stances predominate  the  skeleton  is  horny,  as  it  is  in  the  Gor- 
gonidos  and  Antipathidm.  These  axial  skeletons  are  sometimes 
limited  to  the  trunk  of  the  colony,  as  in  the  Pennatulidee,  where 
they  lie  in  the  shaft  of  the  stock,  or  they  may  bo  continued  into 
all  the  branches  of  the  stock.  There  in  another  form  of  skeleton, 
which  resembles  the  axial;  it  is  formed  by  the  gradual  calcification 
of  the  pai*encliyma  of  the  body,  in  which  process  spicula  sometimes 
take  part.  In  this  way  the  aboral  portion  of  the  whole  body  is 
more  or  less  completely  hardened.  A  proportionate  forward  growth 
of  the  body  at  its  oral  pole  occurs  at  the  same  tiaio,  and  the  parts 
which  are  completely  calcified  represent  the  dead  base.  Skeletons 
of  this  kind  form  the  calcareous  supports  of  the  Fuugia?,  Astra^idae, 
Madrepores,  and  of  Tuhipora.  Tlie  skeleton  thus  formed  must  be 
regarded  as  a  continuation  and  development  of  the  skeletons  which 
are  fomid  in  the  Spongiao. 

§  82. 

Another  kind  of  supporting  organ  is  formed  in  the  interior  of 
the  body  by  cuticular  structures,  or  by  differentiation  of  more  resistant 
connective  substances.     The  simplest  example  is  again  found  in  the 
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Hydroid-PolypSj  in  wliicli  a  liomogeneoua  lamella  appears  between 
the  ectoderm  and  eiidoderm ;  tliia  functions  as  a  snpporting 
lamella  to  the  softer  tissues,  which  are  attached  to  it.  Owing  to 
the  formation  of  external  tests,  this  structure  1ms  less  importance  as 
an  organ  of  support  in  certain  parts  of  the  Hydroida :  it  is  very 
thin  in  the  parts  where  the  tests  arc  fonnd,  but  it  is  much  stronger 
in  the  free  parts  of  the  body,  which  are  not  sheltered  in  the  test. 
We  find  a  strong  layer  of  supporting  tissue  in  the  wall  of  the  body 
of  the  Tubnlaria,  which  belongs  to  the  free  portion  or  hydrauth 
of  the  animal  This  tissue  conisists  of  a  homogeneous  substance 
traveri*ed  by  fibres,  and  embedded  between  the  ectoderm  and 
endoderm.  Tins  appears  to  be  the  first  step  in  the  formation  of 
an  arrangement,  which  is  highly  developed  in  the  Medusae,  the 
so-called  gelatinous  disc,  but  in  many  of  them  (Mcdusce  of 
Clavatelhi,  and  Eleutheria)  is  also  only  slightly  developed* 

The  gelatinous  disc  is  in  the  Hydromedusm  either  completely 
homogeneous  or  is  traversed  by  fibres,  which  extend  from  the 
ectoderm  to  the  endoderm.  It  forms  a  disc,  which  is  atttiched  to 
the  aboral  surface  of  the  body,  and  wliich  determines  the  form  of 
the  body  (Fig.  39,  /) ;  it 
may  become  modified  into 
the  form  of  a  bell.  The 
organs  derived  from  the 
endoderm,  which  consist 
principally  of  the  gastric 
apparatus,  lie  on  the  oral 
surface  of  the  disc. 

Although    the   gela- 
tinous   umbrella   of  the 
Diflcophora  agrees  in  its 
external  characters  with 
that    of    the    Hy  drome - 
dusce,  it  differs  from  it  in 
some    not    unimportant 
characters.  Its  substance 
contains  various  morpho- 
logical elements,  which  resemble  those  of  gelatinous  connective  tissue, 
and  it  is  continued  on  the  oral  surface  over  the  so-called  stomachal 
stalk.    It  surrountls,  therefore,  the  greater  part  of  the  gastrovasuular 
system* 

Of  less  moment  are  the  charncters  presented  by  the  supporting 
stmctm'es  of  the  tentacles  of  many  Hydi'omednsa3«  In  both  the 
Hydriformes  and  Medusae  (Trachyuemida?,  i^ginida^)  the  axis  of 
the  tentacle  is  fonned  of  a  series  of  cells,  the  elements  of  which 
appear  to  bo  encapsuled  by  a  more  or  less  homogeneous  mem- 
branous layer  {ef .  Fig,  9) ,  The  rows  of  cells  are  thus  to  a  certain 
extent  rigid.  A  ring  of  much  the  same  structure  (annular  cartilage) 
is  found  on  the  edge  of  the  disc  of  the  Geryonida?* 


Fig.  39.  Diagi*am  of  a  vortical  section  through  a 
growing  CuDina  rhododactyla ;  on  the  right  hi  tie 
tbrongh  a.  radial,  on  tho  left  through  tm  iutcrradial 
vertical  plaoe.  h  Marginal  vesicle,  c  Radial  caaat 
g  Generative  products,  h  Mnntlefold.  k  Stomach. 
I  QelatinoQB  diec.  r  Radial  pouch.  1 1  TontaclG. 
t  la  Base  of  tentacle,    v  Velum  (after  E.  Eiiekel). 
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Muscular  Sjrstem. 
§  83. 

Form-elements^  referable  to  mosclesy  are  not  certainly  known  to 
exist  among  the  Spongiae ;  in  the  more  exactly  known  Galcispongias 
they  are  certainly  absent^  and  the  protoplasm  of  the  ecto-  and 
endoderm  performs  all  the  movements  of  the  animal. 

A  muscular  layer  is  first  marked  off  in  the  Hydromedussd 
(Hydriformes),  where  the  cells  of  the  ectoderm  possess  band-like 
processes,  which  form  a  connected  stratum  beneath  that  layer  of 
cells  (cf.  supra,  §  25).  This  layer  is  also  continued  on  to  the  ten- 
tacles, but  is  wanting  in  those  parts  of  the  colony  which  are  sur- 
rounded by  a  test.  In  some  parts,  as  in  the  stem  of  the  colony  in 
the  Siphonophora,  it  is  greatly  developed.  In  the  Medusse  it  is 
limited  to  the  surface  which  carries  the  gastric  apparatus,  where  it 
forms  the  "  sub-umbrella.^'  From  the  edge  of  the  bell  or  disc  it 
passes  into  a  more  or  less  broad  membranous  process,  the  velum, 
which  consists  essentially  of  muscular  fibres ;  it  is  also  continued  on 
to  the  tentacular  organs.  The  muscular  system  is  more  complicated 
in  the  Discophora,  many  of  which  also  are  provided  with  a  velum 
(Aurelia).  In  all  the  Medusao  the  form-elements  of  the  muscles 
are  finely  striped  transversely,  but  this  is  not  the  case  in  the  same 
parts  of  the  Hydriformes. 

In  the  Ctenophora  muscular  bands  have  been  observed  running 
along  the  ciliated  "ctenophores;*'  and  there  are  muscular  fibres  in 
the  interior  of  the  gelatinous  tissue  of  the  body. 

The  muscular  system  appears  to  be  best  developed  in  the 
Anthozoa.  Thus,  in  the  Actiniee,  the  attached  base  of  the  body  is 
distinctly  formed  by  muscles,  and  circular  and  longitudinal  fibrous 
layers  can  be  made  out  on  the  rest  of  the  body,  which  are  continued 
into  the  tentacles.  In  those  Anthozoa  that  form  stocks,  the  bodies 
of  the  separate  animals  appear  to  have  circular  and  longitudinal 
muscles,  whilst  the  soft  coenenchyma  is  also  contractile,  the  network 
of  canals  of  the  gastrovascular  system,  which  traverses  it,  being 
accompanied  by  muscular  fibres. 


Nervous  System. 

§  84. 

The  SpongisB  are  placed  in  the  lowest  grade  of  animal  differentia- 
tion, owing  to  the  absence  in  them  of  any  arrangements  which  can 
be  regarded  as  special  organs  of  sensation.  The  AcalephsB  are 
not  far  above  them,  for  their  lower  forms  likewise  give  no  signs 
of  distinct  organs  of  this  kind.     Thus  the  cellular  layer  of  the 
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ectoderm^  in  the'  Hydroid-Polyps,  ia  as  yet  an  in  differentiated 
organ  of  sensation.  Irritations  of  it  produce  movements  of  tbo 
fibres  of  the  muscular  layer  connected  with  the  cells  (§  25) ;  and 
it  is  only  in  the  Medusa3  that  distinct  parts  can  bo  recognised  as 
belonj^ng  to  a  nervous  system.  These  form  a  ring,  which  runs 
round  the  edge  of  the  disc,  and  which  is  formed  of  a  fibrous 
tissue,  on  which  ganglionic  swellingSj  formed  of  cellular  elements, 
are  placed  at  regular  intervals.  The  ganglia  con-espond  in  position 
to  the  marginal  bodies,  which  ai-e  to  be  considered  as  sensory 
organs,  and  send  ofE  fibres  whirl i  pass  partly  to  the  tentacles,  and 
partly  accompany  the  radial  canals*  This  nerve-ring,  which  is 
most  accurately  known  in  the  Geryonidae,  is  supported  on  the 
annular  cartilage,  and  lies  between  it  and  the  circular  canal  at  the 
edge  of  the  disc.  The  swellings  of  the  nerve-ring  represent  central 
organs,  which  are  connected  with  one  another  by  the  fibrous  portions. 
From  experiments  also  in  which  the  edge  of  the  disc  was  divided, 
it  seems  clear  that  there  is  a  central  nervous  system  in  it. 

The  nervous  system  of  the  Ctenophora  is  as  yet  not  well  known. 
As  to  the  rest  of  the  j^calephie,  no  organs  of  this  kind  are  known 
with  any  certainty. 


Sensory  Organs, 


85. 


Owing  to  the  imperfection  of  our  knowledge  of  the  nervous 
system  of  the  CVelenterata,  no  definite  opinion  can  be  given  as  to  the 
parts  which  are  to  be  regarded  as  sensory  organs.  This  remark 
refers  as  much  to  the  arrangements  ivhich  we  regard  as  subserving 
t)ie  sense  of  touch  as  to  higher  sensory  organs.  Special  processes 
of  the  body  appear  to  serve  for  the  general  tactile  sense  which  is 
present  in  the  integument,  and  these  we  have  already  spoken  of  as 
tentacles  (§  70).  Whether  there  are,  on  the  other  hand,  special 
organs,  must  for  the  present  remain  undecided  ;  although  the 
presence  of  stiff  setae  on  the  tentacles,  and  around  the  mouth, 
leads  us  to  admit  the  existence  of  distinct  organs  of  touch. 

More  differentiated  organs,  adapted  for  sensory  perceptions, 
are  found  in  the  so-called  ^*  Marginal  bodies/'  which  are  attached 
to  the  edge  of  the  umbrella  in  the  fi'ce  Med  usee,  and  which  are  of 
two  distinct  kinds.  The  first  have  the  appearance  of  vesicular 
struct y res,  the  second  are  collectiojis  of  pigment  provided  with  a 
transparent  ref  i-actiog  body,  similar  to  those  organs  which,  in  the 
higher  animals,  are  seen  to  be  the  terminal  organs  of  the  optic 
nerves.  The  former,  or  marginal  vesicles^  are  either  embedded 
in  the  substance  of  the  disc,  or  project  freely  at  its  edge.  Tbey 
consist  of  a  homogeneous  capsule,  covered  with  epithelium,  and 
aclose  one  or  more  concentrically  striated  concretions,  or  small 
^  Btals,  The  concretions  are  in  close  relation  with  the  wall  of 
the  vesicle,  being   encased   in   a  spherical   outgrowth   of  it.     As 
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they  dn  not  lie  in  the  free  cavity  of  the  vesicle  they  cannot  be 
definitely  regarded  as  similar  to  the  auditory  vesicles  of  otlier  low 
animals ;  at  the  same  time,  it  is  not  possible  to  give  thcni  exactly 
any  other  signification.  It  is  clear  that  they  represent  sensory 
organs  from  their  intimate  connection  with  the  nerve-nug,  for  a 
double  fibrous  band  arises  from  the  ganglion,  which  is  placed  below 
each  marginal  vesicle,  and  surrounds  the  vesicle ;  after  uniting 
with  itj  the  fibres  pass  into  the  spherical  mass  of  cells,  which 
contain  the  concretion  (Gcryonidfe),  This  marginal  vesicle  ia 
most  common  among  the  Eucopida?,  Trachynemida?,  Geryonida?, 
and  iEginida:*, 

In  Cunina  crystals  are  present,  so  that  its  marginal  vesicles  form 
an  intermediate  stop  towards  the  similar  structures  in  the  Discophom, 
The  marginal  vesicle  in  the  Discophora  is  always  stalked  (Fig.  40, 
A  B  li),  and  lies  in  a  fissure,  or  a  niche-like  depression  of  the  edge 
of  the  disc,  covered  with  a  lamellar  nmbrella-liko  process  of  it, 
A  cavity  (ampulla)  forms  a  large  part  of  the  marginal  body  ((f), 
and  is  coimected  with  the  gastrovascular  system  by  means  of  a 
canal,  which  passes  into  the  stalk  (r) ;  attached  to  this  ampulla,  and 
occupying  the  free  edge  of  this  marginal  body,  is  a  vesicle  {*:) 
filled  with  crystals,  and  resembling  the  similar  one  in  the  iEginidie 
(Cunina),  The  most  important  difference  between  the  two  is 
therefore  the  absence  in  Cunina  of  tho  ampulla  formed  by  the 
gastrovascular  system. 

Organs  of  another  kind  also  are  found  in  the  Hydromedusa?* 
They  appear  to  bo  in  a  relation  of  mutual  exchision  to  the  marginal 
vasicles,  as  they  appear  in  those  famihea  only  (Oceanida?)  which 
have  no  vesicle.  The  first  indication  of  them  is  the  appearance 
of  pigment  spots  on  the  ba.se  of  the  tentacle,  which,  as  a  rule,  have 
no  refractive  media ;  in  other  cases,  on  the  contrary,  they  are  pro- 
vided with  structures  which  call 
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to  mind  the  crystalline  cones 
of  other  lower  animals.  In  the 
Discophora  these  ocelli  are  com- 
bined with  the  already-men- 
tioned marginal  bodies;  they 
sometimes  consist  of  pigment 
only,  wlrilo  in  other  forms  the 
pigment  appcnrs  ns  the  invest- 
ment of  a  highlv  refractive  body 

(Fig.  10,  ji :,). ' 

In  the  CtenophorOj  also,  there 
are  special  sensory  oi^gans.  The 
most  important  is  a  vesicular 
structure,  w^hich  m  attached  to 
the  aboral  pole  of  the  body,  and 
contains  solid  concretions,  like 
the  otolitha  in  the  auditory  vesicles  of  other  lower  animals.  The 
functional  importance  of  this  organ  is,  however,  not  yet  exactly 


Fig.  '40.  Marginal  body  of  AcruFpcdotcR 
Medass? :  X  Of  Pelagia  noctilnca;  li 
Of  Chary  bdea  inareupialiB,  nTliofreo 
part  of  the  marginal  body  pi  need  between 
the  marginal  notchea  in  tho  disc,  h  Stalk, 
c  Canal  in  it.  d  AmpnUa.  e  Crystal liuo 
SBCOTalc.    /  Pigment,    j?  Lens-Eko  btwiy. 
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known;  jnsfc  as  uncGrtaiii  is  tliab  of  the  two  ciliated  surfaces,  on 
either  side  of  this  vosiclo — tho  polar  areasi  wbicli  are  surrounded 
by  short  fringe-like  processes. 


AJimentaiy  CanaL 

§  86. 

With  tho  separation  of  the  body  into  an  ectodermal  and  au 
ondodcrmal  layer^  we  get  the  lowest  condition  of  the  organs  of 
nutrition;  the  endoderm  investing  a  space  which  is  open  to  tho 
exterior,  and  which  is  the  earliest  distinct  digestive  cavity  (stomacli, 
enteron) — (cf .  aupra^  §  28).  This  condition  is  simplest  in  the  Giistrnla 
form  J  and  undergoes  various  differentiations  in  the  two  chief  divisions 
of  the  Ccelenterata.  The  stomachal  cavity,  that  is,  does  not  remain  a 
mere  simple  space,  but  grows  out  into  various  kinds  of  cavities, 
canals,  pouches,  and  so  on,  which  are  either  distributed  irregularly 
in  the  organism,  or  are  arranged  in  a  definite  way.  As  a  rule, 
division  of  labour  takes  place  at  the  same  time,  and  only  ono 
definite  part,  or  several  such  parti=?,  functions  as  a  digestive  cavity, 
while  the  other  spaces  are  used  to  distribute  tho  nutrient  fluid 
(chyme).  But  this  gastric  system  has  other  functions  too,  Thero 
is  no  doubt  that  it  also  has  a  respiratory  function,  by  distributing 
through  tho  body  the  water  that  was  taken  in  with  tho  food ;  and 
for  this  purpose  it  has,  especiully  in  the  Spongiao,  a  much  more 
extended  surface  than  has  the  outside  of  the  body.  Finally,  it  has 
important  relations  to  reproduction,  for  the  generative  elements 
are  formed  in  its  walk. 

§  87. 

Among  tho  Spongisa  the  simplest  form  is  limited  to  the  early 
Btages  of  development,  or  is  per- 
manent as  in  the  Gastneades. 
Almost  the  only  comph'cation 
in  the  Gastrajadcs  is  the  de- 
Tt'lopment  of  an  arrangement 
fur  producing  a  current  at  the 
entrance  of  the  simple  enteric 
tube.  In  the  Porii'era  there 
are  various  new  complications. 
Temporary  spaces  appenr  in  the 
endodermal  layer,  which  break 
through  to  tho  exterior,  so  that 
in  addition  to  its  mouth  (Fig.  41, 
o)j  the  enteric  cavity  is  con- 
nected with  the  exterior  by 
pores  at  various  points,  which 
open  and  again  close.    Tho  number  of  these  pore-canals  (dermo- 


Fig.  11.    An  AscoQ-stook  of  nine  persons 

(indiriduals).        Diagram^       e   Ectmlerm. 

i  Endoderm.    o  Month,    g  EnUnc  cavilj 

(after  E,  Hackel). 
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gastric  pores),  which  hare  consequently  a  dermal  and  gastric  orifice, 
is  generally  very  great;  their  numher  is  dependent  on  that  of  the 
spaces  which  are  bonnded  by  the  rays  of  the  spicuhi  (cf.  Fig,  36,  o). 
These  characters  are  very  distmct  in  the  lowest  forms  of  the  Calci- 
spongise,  the  Ascones  (Olynthny). 

The  development  of  diverticula  of  the  enteric  cavity  gives  rise  to 
a  second  form ;  the  diverticula  are  continued  into  the  correspondingly 
thickened  ectoderm,  whoro  they  form  more  or  less  branched  canals ; 
from  these,  again,  fine  canals,  which  are  ulso  branched,  open  into  the 
dermal  pores*  The  enleric  ciwity,  as  it  becomes  more  and  more 
divided  into  branched  canals,  loses  its  importance  as  a  stomach,  and 
at  the  same  time  its  endodermal  investment,  which  is  now  limited  to 
the  branched  canals.  But  the  endodermal  layer  does  not  extend 
over  all  of  them,  but  is  finally  restricted  to  their  diverticnla,  which 

arc  tbus  converted  into 
^  the     Bo-called     ciliated 

chambers.  Thus  the 
function  of  the  enteric 
tube  passes  more  and 
more  from  its  primitive 
locality  into  the  addi- 
tional spaces,  which 
are  gradually  developed 
from  it. 

The  subjoined  figure 
(Fig.  42)  represents  the 
last  stage  in  which  the 
en  do  derm  invests  the 
ciliated  chambers  only 
(w).  Modifications  of 
this  form  which  obtains 
in  the  group  of  the  Leu- 
cones,  among  the  Cal- 
cispongite,  are  formed 
hy  the  uuion  of  the 
branched  canals  and  of 
the  ciliated  chambers 
one  with  another, 
whence  arise  retiform 
canal  systems.  The 
Siliceous  and  fibrous 
Sponges  conform  to 
this  type. 

A  third  form  arises 

by    the    formation     of 

closely  adjoining  canals, 

directed  radially  to  the 

stomachal  cavity,  which  in  their  characters  correspond  to  the  simple 

Ascon  form,  but  which   generally  communicate  with  the  exterior 
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Fig.  42,  Diiigram  of  the  g;iatrio  system  of  a  Lciicoo 
(DvBsyoiiH  ananas),  where  bruuched  caiialfl  nrc 
developed,  o  Mouth.  <?  E  tit  eric  cavity,  p  Dermal 
cBimils.  w  Ciliated  ehumbers.  The  difToroticM'!  Ixstweon 
the  eetodorm  and  enclDdcrm  is  repreaentod  in  the  Bame 
wtkj  aa  in  tbo  previous  figure  (after  E*  Hiickcl). 
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by  tlermal  pores  only.  The  primitive  enteric  cavity  in  them,  as  in 
the  LeucoBOs,  where  it  loses  its  layer  of  flagellate  cells  (endoderm), 
also  loses  its  nutritive  ftinctions,  which  are  confined  to  the  radial 
tubes.  These  latter  seldom  remain  free^  but  generally  unite  either, 
in  part  or  completely,  by  their  walls  with  an  important  layer  which 
surrounds  the  primary  enteric  cavity.  A  system  of  canals,  which 
are  only  invested  by  ectoderm,  is  formed  out  of  the  space  between 
the  radial  tubes  when  these  only  fuse  in  part,  This  form  may  be 
seen  in  the  Sycones,  among  the  Calcareous  Sponges. 

Innumerable  modifications^  including  individual  varietieB,  are 
present  within  the  range  of  one  type-form.  The  primary  enteric 
cavity  is  altered  in  character  by  the  formation  of  diverticula,  as  well 
as  of  septa,  or  trabecule©,  and  may  even  be  completely  atrophied, 
while  the  canal  system  arising  from  it  is  developed ;  this  phaenomenon 
{lipogastria}  is  not  uncommon  in  the  Fibrous  and  Siliceous  Sponges, 
A  similar  atrophy  may  even  affect  the  mouth  (lipostomia)  without 
affecting  the  stomach;  in  such  a  case  the  dermal  pores  take  on 
the  function  of  ingestivo  canals;  or  numerous  small  spaces,  as  in 
Euplectella,  arise  in  the  place  of  the  mouth. 

§  88, 

The  form  of  the  gastric  system  is  greatly  affected  by  the  forma- 
tion of  stocks,  a  process  due  partly  to  the  concrescence  of  free  persons, 
and  partly  to  budding.  The  union,  according  to  the  degree  of  its 
development,  may  then  simply  cause  communication  between  the 
Btomachal  cavities,  which  persist  for  each  person  (Fig.  41),  or  lead  to 
a  complete  union  of  the  cavities;  in  which  case  the  months  too 
may  undergo  redaction,  or  become  reduced  to  one,  which  likewise 
may  disappear. 

A  special  system  of  cavities  (inter-canal  system)  also  arises  from 
the  formation  of  stocks.  This  system  is  formed  from  the  spaces 
which  persist  between  the  unconnected  parts  of  the  persons,  or  the 
anastomosing  branches,  of  the  body  ;  this,  like  the  system  mentioned 
above  in  the  Syconea,  is  bounded  by  the  ectoderm  only,  and  is  thus 
essentially  distinguished  from  the  gastric  system.  It  is  remarkable 
for  considei-able  in^egularities  in  its  arrangement,  and  forms  also 
wider  spaces,  which  deceptively  resemble  a  stomachal  cavity  in  that 
they  possess  a  mouth. 

From  all  these  arrangements  a  significant  change  of  function 
in  different  parts  is  seen  to  accompany  the  change  of  form  in 
the  Spongi^e.  The  physiological  activity  of  the  digestive  cavity 
is  not  only  shared  by  the  secondary  canals  which  arise  from  it, 
but  even  passes  away  from  it  altogether,  or  is  limited  to  separate 
portions  of  it,  when  consequently  the  stomach  sinks,  physiologically 
speaking,  to  a  lower  gi'ade.  On  the  other  hand,  an  important  func- 
tion becomes  localised  by  this  change  of  the  primitively  subordinate 
portions  of  the  canal  system,  and  even  the  original  surface  of  the 
bod^  of  the  sponges  gets  a  higher  significance,  in  virtue  of  its 
serving  aa  the  lining  of  the  inter- canal  system.   Everything  distinctly 
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shows  that  the  organisation  of  the  Spon^ia)  is  not  only  veTy  vari- 
able, bnt  also  that  to  understand  it,  it  is  absolutely  necessary  to 
distinguish  clearly  between  the  physiological  and  the  morphological 
value  of  an  organ. 

§  89. 

In  its  earliest  characters  the  formation  of  the  enteric  cavity 
of  the  Acalephao  agrees  with  that  of  the  Spongisd,  but  in  the  matured 
condition  there  are  peculiarities  in  the  Acalephas,  owing  to  the 
greater  regularity  in  the  arrangement  of  the  system,  which  is 
developed  out  of  a  simple  cavity.  The  mouth,  the  extent  of  which 
is  often  increased  by  the  development  of  accessory  parts  in  its 
neighbourhood,  leads  into  the  digestive  cavity,  and  serves  also  as  an 
opening  for  the  excretion  of  undigested  matters.  The  principal 
cavity  seldom  remains  single,  but  grows  out  into  secondary  cavities, 
which  have  the  character  of  pouches,  or  of  canals,  and  which  also, 
as  a  rule,  correspond  to  physiological  differences,  since  by  them  the 
chyme  which  is  contained  in  them  is  distributed  through  the  body 
of  the  person,  and  of  the  stock.  These  accessory  spaces  of  the 
digestive  cavity,  included  with  the  latter  under  the  designation 
"  gastrovascular  system,'^  imdertake  the  function  of  a  circulatory 
system,  without  being,  morphologically,  anything  else  than  the  dif- 
ferentiations of  a  primitive  enteric  cavity.  The  gastric  system  of 
the  Acalephao  agrees  therefore  genetically  with  that  of  the  Spongira^ 
but  is  distinguished  from  it  by  the  exhibition  of  a  higher  differentia- 
tion. This  is  seen  in  the  difference  between  the  accessory  spaces 
and  the  central  primary  one,  which  forms  the  stomach,  to  which  its 
functions  are  orainarily  limited,  and  which  are  not,  as  in  the  Spongiss^ 
handed  over  to  the  secondary  spaces, 

§  90. 

The  simplest  form  of  the  gastrovascular  system  is  found  in  the 
Hydroida.  In  Hydra  it  forms  a  space  traversing  the  lonff  axis  of 
the  body,  which  commences  with  the  mouth,  in  the  middle  of  the 
circlet  of  tentacles,  and  is  continued  from  the  next  portion,  the 
stomach,  which  is  capable  of  great  extension,  into  the  thinner 
portion  of  the  body,  where  it  is  narrower.  This  space  is  also  con- 
tinued into  the  tentacles.  In  the  Hydroid-Polyps  which  form 
colonies,  the  canal  which  arises  from  the  stomach  runs  through  the 
whole  stock,  and  makes  the  gastrovascular  system  common  to  all  the 
persons.  In  the  stocks  of  the  Siphonophora,  some  persons  only  are 
set  apart  for  the  ingestion  of  nutriment.  Each  corresponds*  in 
structure  to  the  stomachal  tube  of  a  Medusa,  and  forms  a  tubo 
capable  of  great  extension,  which  is  connected  at  its  base  with  the 
general  cavitary  system  of  the  stock.  In  this  case,  then,  we  must  sup- 
pose that  this  sort  of  individuals  has  lost  all  the  arrangements  found 
in  the  body  of  a  Medusa,  with  the  exception  of  the  stomach  (§  75). 

The  gastric  system  of  the  Medusas  (Hydromedusse  as  well  as 
Discophora)  presents  numerous  variations.     It  always  occupies  the 
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Fig.  43.  A  T  hail  man  tiae, 
A  From  tlie  lower  Burface. 
B  Seen  in  Rcction.  In  tho 
middle  of  tho  body  is  tho 
stomach,  from  which  the 
radial  canals  pass  to  the 
circalar  canal. 


coneaYe  portion  of  tlie  gelatinous  disc,  and  conaists  of  a  stomach 
placed  in  the  middle  of  this  cavity,  and  of  hollow  spaces  which 
proceed  from  it.  The  stomach  either  lies 
directly  beneath  this  surfacCj  or  is  placed  on 
a  special  stalk,  which  arises  from  it,  and  is 
often  of  considerable  size*  This  free  projec- 
tion of  an  organ,  which  iii  other  animals  is 
hidden  within  the  body,  is  explained  by  the 
differentiation  of  the  stomach  of  Hydrorae- 
dusae  from  the  most  anterior  portion  of  the 
body  of  the  Hydroid-Polyps,  so  that  it  does 
not  represent  a  single  organ,  but  a  complete 
portion  of  tho  body.  The  month  is  generally 
snrrounded  by  tentacular  organs,  or  pointed 
prolongations  of  the  wall  of  the  stomach ; 
it  seldom  opens  into  a  narrow  portion  resem- 
bling an  oesophagus*  In  most  HydromedusjB 
the  stomach  is  separated  from  the  space  that 
lies  behind  it  by  a  ring  which  is  deyeloped  at 
its  base ;  by  the  contraction  of  this  ring,  the 
stomachal  cavity  can  be  shut  off  from  the 
rest  of  the  gastrovascniar  system.  The  stomach  varies  greatly  iu 
form  and  size*  It  projecta  far  beyond  the  edge  of  the  bell-shaped 
umbrella  in  the  Sarsiadte.  The 
hollow  spaces  which  are  distributed 
in  the  sub-umbrella  arise  from  the 
base  of  the  stomach,  or  from  the 
space  which  lies  behind  it,  and  have 
the  form  of  narrow  canals,  or  of 
wide  pouch -like  diverticula.  The 
narrow  canals  take  a  radial  coarse 
(Fig.  43)  to  the  edge  of  the  um- 
brella ;  they  are  simple  or  regularly 
branched,  and  they  open  into  the 
circular  canal,  which  often  sends 
processes  into  the  marginal  ten- 
tacles also.  On  theii*  way  to  the 
margin,  the  radial  canals  may  form 
diverticula,  which  are  functionally 
connected  with  the  generative 
apparatus  (cf.  §  96), 

In  the^EginidaD  and  Discopliora 
the  gastric  cavity  passes  directly 
into  the  radial  enlargements; 
these  latter  are  derived  from 
simpler  canals.  Narrower  canals 
sometimes,  indeed,  alternate  with 
wider  spaces.  The  canals  are 
branched  (Fig. 4^i,  f/i'),or  form,  as  in 
the  Ehizostomida^^  a  peripheral  network.  As  the  gelatinous  substance 
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Fig,  44.  Aurelia  aurita.  Half  of  tho 
loworam-faoeisBeen.  a  Marginal  bodies* 
b  Oral  arms,  v  Gastric  cavity,  j/v  Canals 
of  tho  gagtrovascnlar  ayfltemj  whiob 
branch  towards  the  edge  and  uiiito  into 
a  circular  canal,    ov  Ovaries. 
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of  the  umbrella  is  continaed  into  the  wall  of  the  stomach  in  the 
Discophoraj  the  Btomacli  is  not  very  sharplj  marked  off  from  the  rest 
of  the  gastric  system.  Its  wall  is  always  continued  into  arm-like 
appendages,  which,  as  a  rulej  project  into  folde<l  membranes  (oral 
arms) ;  the  mouth  is  placed  between  these.  Diyision  of  these  anus 
leads  to  further  modificationSj  which  ^ve  rise  to  greatly  ramified 
appendages.  In  this  case  numerous  grooves,  which  gradually  unite, 
load  to  the  month,  in  corresp  on  donee  with  the  form  of  the  arms. 
In  the  Ehizostomidfe  the  mouth  remains  open  during  an  early  period 
of  development  only,  and  afterwards  becomes  closed  by  the  gradual 
union  of  the  *^  arms,"  which  limit  it,  and  in  which  the  grooves  form 
branched  canals,  which  open  at  the  ends  of  the  raniificstions  of  the 
arms  by  numerous  fine  pores  (polystomia). 

In  the  Lucemariii3  the  structural  conditions  of  the  gastro- 
vascular  system  closely  resemble  those  of  the  Medusae.  A  stomachal 
tube,  projecting  from  the  concave  surface  of  the  umbrella,  and  pro* 
dnced  into  four  angles,  leads  into  a  wide  space,  which  is  continued 
into  fonr  pouches,  and  may  bo  elongated  into  four  canals^  which  pass 
into  the  stalk.  The  four  pouches  correspond  to  widened  radial 
canals,  and  are,  as  in  the  MedusEO,  connected  with  one  another  at 
the  edge  of  the  umbrella,  and  so  form  a  circular  canal.  In  others 
this  character  is  modified  in  such  away  that  the  stom^ich  is  continued 
into  the  body,  in  a  tubular  f onn ;  and  at  its  end,  which  projects  into 
the  stalk,  gives  rise  to  radial  canals,  which  whilst  becoming  enlarged 

run  outwards  tow^^ 
the  margin  of  the  disc- 
The  gastrovascular 
system  in  the  larvas  of 
the  Discophora  and  in 
8cyphostoma  is  very 
similar  in  character^ 
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The  gastric  system 
of  the  Anthozoa  ex- 
tends by  means  of  an 
fcsoplmgug  fi-om  the 
centre  of  the  tentacle- 
bearing  surface  of  the 
body  into  the  interior, 
where  it  opens  into 
the  digestive  cavity. 
From  this  pai't  canals 
pass  upwards  along  the 
sides  of  the  oesopha- 
gus into  the  tentacles. 
Owing  to  the  width  of  the  canals  connected  with  the  stomach, 
the  intermediate  tissue  is  reduced  to  a  mere  partition  {a^},  which 
extends  in   rays  from   the  wall  of   the   body  to  the  wall  of 


d 
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Fig.  45.  Ti*aiiaver8c  ecctiou  thixjugli  a  jforiiou  r>f  tbe 
Block  of  Alcyonium,  in  which  twoiadJvidimis,^4  A,  arts 
cut  throagh  just  below  their  janction  with  the  coeneu- 
chjmii,  and  a  thirrl,  B,  aomewhat  lower,  v  Wall  of 
CB90phagu8.  c  Radidl  can&la  (chambers  of  the  Ixm3j- 
oavity),  s  Septa,  o  Ova,  Part  of  tho  coenonchyma 
tmversed  by  canal b  is  seen  to  contain  calcareous  bodies. 
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cesopliagus.  Tlio  canak  thus  appear  to  bo  chambers  (c)  attached  to 
the  OBsophagiiSj  which  unite  iiitu  a  common  central  space  the  digestive 
cavityj  or  stomach  (i?),  and  bo  communicate  with  the  ccsophagus.  The 
number  of  these  chambers  is  eight  in  the  Octactinia)^  and  varies 
in  the  other  Anthozoa^  but  is  arranged  according  to  the  same  law 
of  nomberB^  as  is  expressed  in  the  other  characters  of  their  organisa- 
tion, as  for  instance  in  the  number  of  the  tentacles.  The  septa  of 
the  gastrovascular  system  are  usually  contiuued  for  some  distance 
along  the  wall  of  the  digestive  cavity^  and  terminate  as  elongated 
bands  or  pads.  Wheuj  theroforCj  the  stock  is  calcified  intorradial 
lamella  are  formed^  passing  inwards  from  the  wall  between  the 
gastric  lamellae. 

In  the  colonial  Anthozoa,  the  central  cavity  is  connected  in  each 
person  by  means  of  a  canal  system  which  travei'ses  the  coenenchyma. 
(Fig.  45),  and  thus  every  individual  is  directly  connected  with  the 
rest.  This  canal  system  forms  a  network  of  tubes  of  various  widths 
which  distribute  the  nutritive  fluid  in  the  stock.  At  one  point  of 
the  common  trunk,  in  the  stocks  of  the  Octactinia?,  several  cjinals 
are  united  into  a  wider  space,  from  which  an  orifice  leads  to  the 
exterior ;  this,  probably^  serves  as  a  means  of  regulating  the  ingress 
and  egress  of  the  water  which  flows  through  the  gastrovascular 
system  (Pennatula,  Ronilia),  A  similar  opening  has  been 
observed  in  Cereanthus ;  it  corresponds  to  the  pore  of  the  Hydras, 
and  like  it  is  placed  at  the  aboral  end  of  the  body.  These  arrange- 
mentSj  which  give  to  the  gastric  system  the  significance  of  a  water 
vascular  system,  have,  in  many  Authozoa  (Corals),  the  form  of  fine 
pores  scattered  over  the  surface  of  the 
body;  they  can  only  be  perceived  at  the 
moment  they  are  in  function— that  is,  when 
expelling  water.  Similar*  pores  are  also 
found  on  the  tips  of  the  tentacles  in  many 
Actiniee,  etc.  All  these  arrangements  call 
to  mind  the  dermal  pores  of  the  Spongia3. 

In  the  PennatuHdEe  and  Alcyonidfe  (Sar- 
cophyton)  some,  and  at  times  many,  per- 
sons in  a  colony  are  less  well -developed,  and 
seem  to  have  lost  the  function  of  ingesting 
food.  It  is  not  known  whether  they  liave 
any  share  in  the  taking  in  of  water* 


§  D2. 


Fig.  46.  The  gagtroraaculai' 
fijabem  of  a  Cydippe.  A 
Lateral  view;  tko  mouth 
turned  upwards.  li  Seeu 
from  the  oral  pole. 


In  the  Ctenophora,  the  nutrient  cavitary 
system  differs  m  details  only.  A  stomach, 
which  is  very  wide  in  the  Beroidie,  and  nar- 
rower in  the  restj  is  sunk  iu  the  hody  along 
its  longitudinal  axis  ;  it  passes  into  a  space 
which  is  known  as  the  '^funnelj^'  by  means  of  a  narrow  canal,  which 
can  be  closed  by  muscles*  Eadial  canals  (Fig.  46)  pass  out  from  the 
funnel  and  iiin  along  the  ciliated  ribs  or  '^ctenophores/'     The  radial 
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canals  in  the  BeroYdas  and  Callianiridad  pass  into  a  circular  canal  at 
the  oral  pole.  In  the  latter,  two  canals^  which  run  along  the  sides  of 
the  wall  of  the  stomachy  and  which  come  from  the  funnel^  also  enter 
the  circular  canal.  In  the  Cydippidas,  these  are  very  wide,  and 
appear  to  form  a  common  space  around  the  stomach.  Finally,  two 
shorter  canals,  which  do  not  pass  directly  from  the  funnel,  but 
from  the  canals  derived  from  it,  run  outwards  and  open  by  pores, 
which  can  be  closed,  at  the  sides  of  the  polar  areas  {cf.  p.  111). 
They  are  placed  diagonally,  and  provide  the  gastrovascular  system 
with  a  second  means  of  communication  with  the  surrounding 
water. 

The  form  of  the  body  leads  to  various  modifications  in  the 
arrangement  of  this  system  of  canals.  The  various  groups  of  canals 
may  be  branched.  Thus,  in  the  Beroidas  the  radial  canals  form 
lateral  branched  diverticula,  which  are  present,  though  they  are 
not  so  large,  in  the  other  forms,  and  are  in  connection  wifli  the 
generative  apparatus. 

§  93. 

In  some  divisions  of  the  AcaJephas  there  are  filamentous  structures, 
which  project  into  the  central  cavity  of  the  gastrovascular  system ; 
they  are  called  Gastric  filaments  (and,  though  less  appropriately, 
mesenteric  filaments).  They  are  found  for  example  in  the  Lucemaridae 
and  Discophora.  In  the  latter  they  form  tufts  of  filaments,  placed  in 
diverticula  of  this  cavity,  and  execute  vermiform  movements.  They 
have  similar  characters  in  the  Lucemaridae,  but  are  different  in  the 
Anthozoa.  In  the  Anthozoa  pad-like  processes,  richly  provided  with 
stinging  cells,  run  along  the  free  edge  of  each  septum,  turned  towards 
the  gastric  cavity ;  they  seldom  become  filamentous,  and  are  some- 
times limited  to  two  of  the  septa  (Tubipora).  Nothing  is  known 
as  to  the  function  of  these  organs,  which  are  differentiated  very 
early. 

Although  glandular  organs  do  not  seem  to  be  differentiated  in 
the  digestive  cavity  of  the  Coelenterata,  yet  there  is  an  arrangement 
which  should  be  noted  here ;  it  may  be  regarded  as  an  indication  of 
a  secreting  system,  perhaps  analogous  to  the  liver  of  higher  animals. 
It  is  this,  namely,  that  the  epithelial  investment  of  the  stomach, 
which  is  present  in  many  Coelenterata,  is  distinguished  by  its  peculiar 
colour.  The  pigmented  cells  are  sot  longitudinally,  and  are  generally 
placed  on  the  projecting  folds  of  the  wall  of  the  stomach  in  the 
Anthozoa;  they  are  also  developed  in  the  Hydromedusae,  even  in 
the  polyp  forms  (e.g.  Tubulariae) ;  in  the  Siphonophora  they  form 
distinct  pad-like  longitudinal  rows  at  the  base  of  the  digestive 
cavity  of  the  nutrient  individuals.  A  network  of  "  hepatic  canals,'* 
attached  to  the  single  large  stomach  of  the  Velellid89,  appears  to 
be  specially  differentiated ;  it  is  found  on  the  under  surface  of  the 
disc. 
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Sexual  Organs. 

§  94. 

Sexual  differentiation  is  not  the  sole  factor  in  reproduction 
among  the  Coelenterata,  for  various  forms  of  asexual  multiplication 
(cf.  supra,  §§  73-77)  obtain  among  them.  Sexual  products  have 
been  observed  in  most  of  them,  but  they  are  not  formed  in  organs 
set  apart;  the  function  seems  rather  to  be  one  which  is  being 
gradually  localised.  In  the  Spongise  the  endoderm  is  said  to  be  the 
place  where  these  products  are  formed,  but  in  those  Porifera  which 
have  a  mesoderm,  the  differentiation  appears  to  take  place  in  it. 
The  history  of  the  ova  is  best  known ;  they  arise  from  cells  in  the 
mesoderm,  but  they  are  perhaps  endodermal  cells  which  have  passed 
into  it.  In  addition  to  what  has  been  directly  observed  in  this 
group  we  must  bear  in  mind  the  characters  which  obtain  in  the 
Hydroid-Polyps  (see  below).  The  male  elements  have  been  less 
widely  observed.  The  endoderm  has  been  said  to  be  the  place  where 
the  seminal  cells  are  formed,  but  masses  of  sperm  have  been  observed 
in  the  mesoderm  of  Halisarca,  together  with  a  sexual  differentiation 
of  the  stocks. 


§  95. 

The  place  where  the  generative  matters  are  formed — as  a  rule  in 
the  walls  of  the  digestive  cavity,  or  the  spaces  leading  from  it — is 
most  exactly  known  in  the 
Hydroida  among  the  Acale-  A 

phae.  The  material  of  the 
two  kinds  of  generative  pro- 
ducts is,  however,  provided 
by  different  layers  of  the 
body :  this  fact  deserves  to  be 
exactly  described  on  account 
of  its  fundamental  import- 
ance. The  first,  or  indifferent 
stage,  is  represented  by  di- 
verticula of  the  wall  of  the 
body,  which  have  the  form 
of  buds,  surrounding  a  pro- 
longation of  the  gastric  cavity, 
and  formed  by  the  ectoderm 
and  endoderm.  A  number  of 
the  cells  of  the  ectoderm  {a) 

of  the  Rowing  bud  (Pig.  47,  A  B)  enlarge  and  become  distinguished 
by  their  size  from  the  other  endodermal  cells,  which  bound  the 
gastric  cavity  (g).    These  enlarged  cells  are  pushed  out  towards  the 


Fig.  47.  Two  female  generative  buds  of  Hy- 
dractinia  echinata.  a  Ectoderm,  h  Endo- 
derm. g  Gastric  cavity,  o  Ovarian  gorms. 
In  A  the  ectoderm  has  begpin  to  bo  pashed  into 
the  endoderm.  In  B  the  invaginated  portion 
has  been  constricted  off  from  the  rest  of  the 
ectoderm  (after  Ed.  van  Boneden). 
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ectoderm^  and  are  the  ova  (o).  Tliey  graduaUy  form  a  layer  of  cells 
placed  apparently  between  the  ectoderm  and  endoderm,  and  give  to 
tbo  whole  bud  the  appearance  of  an  ovary.  While  these  process^ 
of  differentiation  are  going  on  in  the  endoderm,  a  growth  of  cells 
from  the  ectodenn  at  the  tip  of  the  bud  is  extending  inwards  (A) ; 
as  these  cells  become  separated  off  from  the  ectoderm  (5),  they  form 
a  thin  himella,  which  grows  around  the  ovarian  layer,  but  which  has 
no  further  function  except  in  another  kind  of  bud. 

In  the  male  bud,  in  fact,  tho  ectoderm  has  the  same  characters, 
but  the  endoderm  docs  not  undergo  any  change,  and  simply  forms  a 
layer  of  cells,  investing  the  gastric  cavity  without  being  differen- 
tiated into  ova,  Tho  depressed  portion  of  the  ectoderm  being 
developed  to  a  groat  size,  forms  by  constriction  a  layer  between  the 
ectoderm  and  endodenn  (Fig.  48,  A  B  C),  the  colls  of  which  give 
rise,  later  on,  to  the  morphological  elements  of  the  sperm.     In  thia 


Fig.  48.    Tbrco  malo  gonerati vo  b ud s  of  H  y  d  r a c  t  i  n  i  a  e c  b  m a t a. 
letteri  aa  in  Pig.  47  (after  Ed-  vim  Beuedeo), 


a  Testes.    Oiher 


way  the  male  products  of  generation  ariHe  from  the  ectoderm,  Just  afi 
the  female  products  are  formed  from  the  endoderm.  The  fact  tliat 
even  in  the  female  buds  tho  ectoderm  is  dopressedj  leads  ns  to  Bup- 
pose  that  the  Imds.  were  primitively  liermaphrodite.  It  is  not  yet 
known  how  far  the  generative  products  have  separate  origins  in 
the  rest  of  the  Acalepha>.  Tho  possibility  of  cellular  elements  having 
passed  from  one  layer  to  another  at  a  very  early  period  of  develop- 
ment may  account  for  the  fact  that  the  endoderm  appears  to  bo 
the  layer  in  which  the  products  of  both  sexes  are  formed.  Hydra 
appears  to  form  an  exception,  for  in  it  the  generative  products 
are  formed  in  external  bud-like  organs,  which  are  differentiations 
of  the  ectoderm.  Among  the  Hydromedusaa  we  not  unfrequently 
meet  with  a  separation  of  the  sexes,  not  cmly  into  different  persons, 
but  even  into  different  colonies ;  in  tbe  Siphonophora  hermaphrodite 
colonies  only  are  found  as  the  rule,  but  there  are  exceptions  to  this. 
The  generative  products  give  rise  to  more  or  less  considerable  swell- 
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16  parts  of  the  body  where  they  are  formed,  but  as  they  are 
OTily  present  when  the  generative  matters  are  being  forrnodj  they 
may  be  regarded  as  '^tempomry  organs/* 

There  are  great  peculiaritiea  in  the  structural  relations  of  the 
parts  which  enclose  the  generative  products,  but  they  are  connected 
by  a  large  number  of  iuterraediato  stages.  In  those  Hydroid 
colonies  that  give  rise  to  free  Medusa3  (cf.  §  74)^  the  Meduste  cnrry 
the  generative  organs ;  the  Medusa?  form  the  generative  animids  of 
their  proper  Hydroid-  Polyps,  and  elaborate  the  semen  or  ova  in  the 
walls  of  their  stomach,  or  in  the  radial  canals,  or,  lastly,  sometimes  in 
the  circular  canal.  Id  some  this  production  does  not  take  place  until 
a  long  time  after  they  have  broken  away  from  the  Hydroid  colony ; 
in  others  it  happens  earlier.  The  latter  bring  na  to  those  in  which 
the  reprodoctivo  matters  are  formed  while  the  Medusaa  are  still 
attached  to  the  Hydroid  stock.  Next,  then,  comes  that  stage  in 
which  the  Medusa  is  not  only  not  broken  off,  but  is  not  completely 
developed.  All  the  organs  which  are  of  use  in  the  full  and  indepen- 
dent mode  of  life — ^month,  gastric  cavity,  tentacles,  swimming-bell, 
t^c— appear  in  a  state  of  atrophy.  We  have  in  fact  medusoid 
buds,  in  which  tho  sexual  products  arise.  In  others  the  medusoid 
form  is  completely  lost,  and  quite  simple  structures  appear  on 
the  Hydroid  stock  in  the  form  of  generative  capsules,  into  which,  at 
the  most,  a  process  of  the  gastrovascular  system  still  projects.  Such 
are  the  structures  described  above  in  Hydractinia,  These  generative 
buds  arise,  like  the  medusoid  buds,  and  the  Medusaa  themselves, 
sometimes  on  the  common  stock,  sometimes  on  the  body  of  the 
Polyps,  and  often  only  at  certain  parts  of  the  latter,  as,  for  example, 
between  the  outer  and  inner  cii-clet  of  tentacles  in  the  Tubularia, 
Where  the  prolifeniting  Polyps  are  provided  with  a  sheath,  the 
generative  buds  are  always  enclosed  by  the  same  test  as  the  Polyps 
themselves.  Thus  the  phionoinenon  of  the  budding  of  Medusoe  can 
be  followed  back  to  a  stage  in  which  tho  bud  has  the  appearance 
of  a  mere  generative  organ  of  the  hydroid  st^ck. 

The  Siphonophora  resemble  the  Hydroid-Polyps.  The  formation 
in  them  of  sexual  animals  of  the  Medusa- type,  with  the  simuU 
taneous  formation  of  other  medusiform  persons,  helps  to  explain 
the  phfenomenon  known  in  the  Hydroid- Polyps  as  alternation  of 
generation,  as  being  a  division  of  labour.  In  some  of  the  Siphono- 
phora the  generative  aoimals  become  free  Medusa3,  in  the  walls  of 
whose  stomachs  the  generative  products  are  formed  (Velella,  Chry- 
somitra).  Most  of  them  ha%^o  only  medusiform  buds,  which  are 
found  in  very  various  stages  of  degeneration  (cf.  Fig.  33,  B  <j  E), 
The  stomach  of  tho  Medusa  becomes  gnidually  represented  by  the 
generative  organs  only,  and  the  Medusa-bell  degenerates  into  a 
mere  covcTing  for  them.  Thus  they  occur  arranged  either  singly 
(Diphyida^),  or  grouped  into  racemose  tufts  (PhysophoridvB),  which 
are  placed  on  the  stem  of  the  fetock,  or,  it  may  be,  on  definite 
persons  belonging  to  it* 

Ed.  tan  Bkxedex.  Do  la,  difltltictlon  originene  du  testiciile  ct  de  Tovaire.  BnU. 
Acftd,  Bclg.    2«'*  Ser.    T.  xautvii.  5.— G.  Kol  ti,  Morpb.  Jabrh.     Bd.  ii.  p.  83. 
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In  those  Medusa  whicli  have  no  longer  any  relation  to  Hydroids, 
the  gcBorative  matters  aro  fonmed  in  the  wall  of  the  ^astro- 
va.^cnlar  systein,  juBt  as  in  the  Medusae  of  the  Hydroid-PoIypSj 
and  the  Siphonophora.  These  matters  are  generally  formed  in  the 
radial  canals  (yl^jquoricla^)^  or  in  the  pouch -like  diverticnla  of  the 
stomach  (^ginidfe).    'V^'^en  the  canals  aro  narrow  the  genitals  form 

freely  projecting   diverti- 

cnla^whichjWhen  muchde- 

|^^2~   =9^>'  \^-' :j-     "^^^^  veloped,  may  have  the  form 

"■"'       "^^'~      "■  of    ruff-like    folds.      The 

radial  canals  form  lamellar 
enlargements  in  the  Geryo- 
nithe,  when  the  generative 
>j_^\^  J  matters  are  developed.  In 
all  forms  the  lower  wall 
of  the  canal,  or  that  placed 
away  from  the  umbrella, 
forms  the  genital  region 
(Fig.  35,  (f).  The  germinal 
matters  in  some  cases  reach 
the  exterior  through  the 
stomach,  and  in  other  cases 
by  a  rupture  of  the  tissue* 
In  the  Diseophora  the 
generative  organs  have 
always  much  the  same  re- 
lations, anddiflFer  but  little 
in  position  and  form,  Tliey 
consist  of  four  or  eight 
frills,  curved  in  a  semi- 
lunar fom),  and  arranged 
in  a  rosette  on  the  inner 
surface  of  the  umbrella 
(ef .  supra,  Fig,  44,  ov) ; 
the  frills  are  formed  by  diverticula  of  the  gastrovascnlar  system. 
They  are  placed  in  depressions  on  the  lower  surface  of  the  disc, 
or  hang  freely  down  from  it,  often  in  numerous  foldn. 

The  Lncernarite  have  the  generative  organs  in  the  form  of  eight 
radially- arranged  longitudinal  ridges^  placed  on  that  part  of  the 
body  which  con-esponds  to  the  Bub-nmljreila  of  the  Medusfe,  where 
they  form  pi'ojections  into  the  pouches  of  the  gastrovascidar  system. 
They  represent,  therefore,  an  intermediate  form  between  the  Hydro- 
mednsee  and  Diseophora. 


Fig.  49,  Diagram  of  a  radial  vertical  icction 
ibrougli  a  sexually  mature  Geryoiiid  (Carmariiui 
haetata) ;  on  the  right  it  is  taken  through  the 
whole  length  of  a.  itidial  canal ,  and  on  the  left 
throngh  the  latei-al  wings  of  a  genital  Inmella,  at 
an  intcrradial  plane,  b  Marginal  vesicles,  c  Cir- 
cular  vessel.  3  Generative  prwlncts*  h  Claap  of 
the  mantle,  k  Sttinioch,  I  Gelatinoas  umbrellat 
p  Stomachal  stnlk.  r  Eadiftl  caujiL  *  I  It  a  inner  ; 
r  ff  Its  enter  walL  u  k  CartUaginoiiB  ring,  r  Ye. 
luiiu     Z  Toogoe-like  procCBS  (after  E»  llackel). 
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§  97. 

The  generatiTO  organs  of  tlio  Authozoa  are  very  similar  in  cha- 
racter. They  are  connected  with  the  gastric  cavity,  so  that  the  gene- 
rative matters  pass  to  the  exterior  through  the  gullet.  The  septa 
of  the  gastric  spaceSj  or  their  ridges,  which  project  into  the  central 
stomachal  cavity,  generally  fanction  aa  organs  of  this  kind.  In 
the  Alcyonarians  the  sexual  products  are  formed  at  the  free  edge 
of  these  processes,  cither  in  the  stomach  or  at  some  distance  from 
it,  at  the  base  of  the  gastric  space;  two  septa  are  sterile.  They 
are  distinguished  by  the  presence  of  the  ridgea  mentioned  above, 
(§  93),  which  project  some  way  forwards.  The  other  ridges  do  not 
always  carry  sexual  products,  for  in  many  Alcyonarians  they  aro 
found  ou  four  only,  or  only  on  two  of  them.  In  the  Actinia)  the 
generative  products  aro  formed  within  the  gastric  ridges.  The  same 
thing  happens  in  the  Autipatharia  (Gerardia),  The  Madreporiua^, 
also,  may  be  mentioned  here,  for  in  them  the  generative  products 
are  developed  in  the  ridges,  which  project  far  into  the  base  of 
the  gastric  cavity,  and  they  there  foiTii  a  special  process  on  each  of 
the  two  surfaces  of  the  ridgea  (Astroides  calycularia). 

The  sexes  are  usnally  separated,  and  in  different  persons,  but 
there  may  be  hermaphrodites  also  {Cerianthus),  In  the  colonial 
forms  both  dioecious  and  moncceions  conditions  have  been  obser\^ed ; 
in  others  these  characters  vary  very  greatly  (Coralhum  rubrum), 
WTien  the  persons  of  a  colony  are  dimorphic^  those  which  are  the 
more  developed  are  at  the  some  time  those  which  are  functionally 
sexual,  while  the  others  are  stei41e.  But  in  some  Pennatulida^  the 
persons  without  tentacles  are 
the  only  ones  in  which  there 
are  generative  organs  (Virgu- 
laria  mirabilis). 

§  98, 

In  the  Ctenophora  the 
peripheral  portion  of  the  gas- 
tric system  represents  the 
genital  region,  Ca?cal  diver- 
ticula are  developed  frum  the 
sides  of  the  canals  which  run 
parallel  with  the  rows  of  nata- 
tory lamelhe  j  in  these  semen 
or  ova  are  formed.  One  side 
of  a  canal  is  beset  with 
ovarian  follicles,  and  the  other 
with  testicular  lobules.  Hermaphroditism  repeats  itself  therefore 
in  each  of  the  radial  segments  of  the  body*  The  gastric  system 
serves  to   carry  the  generative  products  to   the  exterior*     This 


Fig.  50.  Genemiive  organs  of  Beroe  rofea- 
cenBj  showing  their  relation  to  a  ti'ftct  of  the 
railiai  canaL  a  Stripes  nrnning  along  tbo 
canal  (Museles  F)  h  SemeQ-protlnoing  aide* 
c  Ovarian  Hide,  witii  egga  (after  Will). 
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arrangement  therefore  is  exactly  the  same  as  in  some  of  the 
Anthozoa^  and  if  we  compare  the  body-sabstance  between  two 
radial  canals  with  a  septum  of  the  Anthozoa^  we  find  that  the 
genital  regions  of  both  sexes  are  arranged  in  jost  the  same  way  as 
in  the  hermaphrodite  Anthozoa. 

As  a  rule  the  ova  of  the  Ccelenterata  have  no  special  coverings, 
and  in  many  Spongias  and  Hydroi'da  (e.g.  Hydra)  they  appear  to 
change  in  form  in  consequence  of  amoeboid  movements.  The 
seminal  elements  in  the  Acaleplue  are  formed  by  a  small  head  with 
a  movable  appendage. 


Third  Section. 


Vennes. 

General    Review. 
§  99. 

In  this  division  a  large  number  of  animal  forms,  which  are  more 
or  less  allied  to  one  another,  are  put  together ;  transverse  axes  are 
differentiated,  whilst  the  longitudinal  axis  of  the  body  is  elabo- 
rated. In  consequence  of  this  an  anterior  and  a  posterior  end  can 
be  made  out,  in  addition  to  a  dorsal  and  ventral  surface.  They 
differ  markedly  from  the  Goelenterata  in  having  two  antimeres. 
The  body  is,  or  is  not,  divided  into  metameres ;  in  the  more  simple 
forms  the  metameres  are  simple  in  character,  in  the  higher  divisions 
they  undergo  differentiation. 

It  is  not  certain  whether  this  division  does  or  does  not  represent 
a  single  phylum.  The  existence  of  a  large  number  of  small  groups, 
represented  merely  by  single  forms,  shows  a  considerable  amount  of 
divergence  within  the  division ;  and  this  is  still  further  exhibited  by 
the  fact  that  almost  all  the  higher  animal  phyla  can  be  brought  into 
more  or  less  close  connection  with  forms  of  Vermes. 

I  arrange  the  various  divisions  of  the  Vermes  in  the  following 
order.  They  might  be  considerably  increased  by  the  introduction 
of  a  large  number  of  isolated  genera ;  but  a  complete  classification 
of  such  a  kind  is  not  part  of  our  purpose  here. 

L  Platyhelminthes. 
Turbellaria. 

BhsbdoeoBla. 

Monooelis,  Vortex,  Mesottomom,  Proetommn. 
DendroeoBla^ 

FUmaria,  Leptoplana. 
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Trematoda. 

Distoma,  Monortommn,  Tristomft,  PolyBtomttm,  A^idogaater,  Diplo- 
Boon,  Gyrodactjlnfl. 

Cestoda.* 

CaiyophyUfiBUB,  LigulA,  Bothryocophalus,  Tenia,  TetearbynchM. 

Nemertina  (EhyncliocoDla). 

PelagonomorteB,  Nemertes,  Folia,  Borlasia. 

II.  Nemathelminthes. 
Nematodes. 

Rhabditis,  Dorylaimns,  Strongylns,  Ascaris. 

Gordiacea. 

Gk>rdia8,  Memiis. 

III.  Cheetognatlii.t 

Sagitta. 

rV.  Acanthocephali. 

Echinorbynohus. 

V,  Bryozoa.t 

Phylactol89ma. 

Cristatella,  Alcyonella,  Lophopos,  Plnmatella. 

Gymnolasma. 

Crisia,  Homera,  Alcyonidiom,  Flastra,  Eschara. 

VL  Rotatoria. 

Hydatina,  Notonuaata,  Brachionos,  Melicerka,  Floaonlaria. 

VIL  Enteropneusti. 

Balanoglossos. 

VIIL  Gephyrea.§ 

Inermes. 

Siptmculas,  Fliaacalosoma,  Priapalns. 

Chaetiferi. 

EchioniSi  Bonellia» 

IX.  Aniiulata.|| 

*  The  Cestoda  are  derived  from  a  form  common  to  them  and  to  the  Trematoda. 
The  difference  in  organisation  is  due  to  their  different  kind  of  parasitic  habits.  There 
are  several  forms  of  which  it  is  doubtf ol  whether  they  belong  to  one  or  the  other 
division  (Amphiptyches). 

f  The  ChsDtognathi  mast  not  be  regarded  as  allied  to  the  Nemathelminthes  because 
they  are  pnt  next  to  them ;  the  same  remark  holds  g^d  for  the  Acanthocephali. 

{  Pedicellina  and  Loxosoma  are  genera  allied  to  the  Bryozoa,  and  they  might  well 
be  united  with  them  into  one  division,  but  they  must  not  be  subordinated  to  them. 

§  In  both  divisions  of  the  Gephyrea  there  is  a  large  number  of  very  divergent 
forms. 

II  TomopteriSf  Myzostoma,  and  Polygordiua  are  special  forms,  allied  to,  but  very 
divergent  from,  the  Ajinulata.  The  last  mentioned  unites  the  characters  of  the 
Nemertina  and  Nematodes  with  those  of  the  Annelides. 
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Hirudinea.* 

HsBmopis,  SangoiBOga,  NopheliB,  Clopsine. 

Annolides. 
01igocha9ta. 

Soolcina. 

Lumbricos,  ChSBtogaeter,  Naia. 
Ualiscolecina. 

FolyophthalmTiB,  Gapitella. 

ChsBtopoda. 

Vagantia. 

Siphonostoma,  Arenicola,  Glyoera,  Nophthyg,  Phyllodoce,  Alclopa, 
Syllis,  Nereifl,  Eonico,  Amphinome,  Aphrodite,  Folynod. 

Tabicolse. 

Amphitrite,  Hermella,  Terebella,  Sabella,  Berpula,  Branchiomma. 

The  position  of  the  genera  Neomenia  and  Chastoderma  is 
not  yet  settled ;  but  they  must  not  be  passed  over,  on  account  of  the 
great  importance  of  many  points  which  have  been  made  out  in  their 
organisation.  Although  they  differ  in  not  unimportant  points  from 
one  another  they  are  closely  allied,  and  may  be  reckoned  with  the 
other  divisions  of  the  Vermes.  I  therefore  unite  them  into  a  division, 
which  I  call  that  of  the  Solenogastres.  It  wiU  not  bo  possible 
to  form  any  safe  opinion  as  to  their  position  till  they  are  known 
more  exactly ;  and  for  this  knowledge,  especially  as  regards  their 
development,  we  must  wait. 
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structures  which  are  due  merely  to  its  parasitic  mode  of  life. 
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VooTi  C,^  Bnr  ]«  loxoaamft. 


GhBetoffnatlia 

jutmrg.  IBUu— TUe  same,  naoiuragucne  i]>emflrjn].ii( 
W11.M&,  Obsemrtionoa  de  8a«itta.    DIbb.    BctoI,  1940, 

Brvozoa :  Vjut  Bmssir,  Rooherchcg  ear  I'anatomiOr  la  p1)yiuoloa[ie  et  rembrToc^iile  dca  Bryf^ 
soairea.  M^moirot  de  TAcad.  E«)ja)e  d&  Bel^qne.  IMfi  ct  seg.— Tbc  Bame,  Recnercbes  Ror  1m 
BiTosoalree  flavia^leiidoBelgiqae.  lb.  1817.— Tho  samt*  and  DriioiTiFii,  Histolrc  natureDodas 
Fwywst  compo»*a  d'oMpU  donoe-  lb.  i860.— Allmj^jt,  A  Manopriiph  of  the  FreMi-wiUir  Potjxotu 
I^cmacni.  IWe.  (R,8*)^H.  NiTSCai,  Beitrtofi  %nr  Anat,  nuid  Kntwickelunir*g«*cliichl«  der  phs^ 
laotollmen  SaaBwaaaerbryoiodn.  Arch.  €  Anat  n.  Phys.  Ifitti.  p.  465.— The  tunc,  Belt.  a. 
Konnto.  d.  Bryjtfoitu  Zeiischr.  f.  wias.  Zool.  XX.  XXL  XXXV.— Yog  " 
Arch,  de  Zool.  Kip,    Vol.  V. 

Rotatoria  i  EHmxvaaaQ,  IHo  InfuaiooUiiercheo,  etc.— LErnto,  Zor  Anat.  a.  EntwickdonKi^va- 
ciuchte  der  LaciniLlaria  soclaliti.  Zeitocbr.  f.  vr.  Zool.  III.  p.  463,— Hia  oune,  Uber  Baa  and 
ajtbeoML  BtoUtmg  der  Raderthiere.  lb,  VI.  p.  L— EixLiir,  Quart,  Jonm,  of  Ificroac.  8c 
ll*e«.— Coair,  F„  Zt'ilAchr.  f.  w.  ZooU  VUL  p.  431.    IX.  p.  2^1.    XIL  p.  107. 

Enteropneustl :  Kowilevskt,  Mteioirea  de  TAcad^mie  de  St*  P^traiboiirg.  S^.  7.  T.  X.  No.  3,— 
Ao^ftatJCf  A.,  M.6m,  Amcr.  Acad.  IX. 

Gepb3?Tea:  Gauns,  Vet«ncli  eincr  Anatomic  d(^  Biptmcultts  nudna.  Arch,  f,  A.  n.  Plays.  19X1, 
p.  237,-'KaoHK,  Ufiber  TkaUiAscma.  Arcb.  t.  Anat.  n.  Phja.  1841.  —  Qr.iT>av&&aa«  A.  d«, 
M^inoire  aux' rficbinre.  Ann.  m.  nat.  3  Bi^r.  T.  VIL- Mt^i^Lin,  IL,  Obaervationosanalo«iDicfr>d« 
vormibuH  cioibuRdum  maritimiH.  Bcrol.  1*52,— ScirMAaDA,  Znr  NoturffPftcbichte  der  Adria. 
Wion-  Denkfechrift  math.  Katurw.  C71.  Bd.  3.  185^2.- L^CASis-DirTiitama,  H.,  RcchercliPH  snr  la 
Boncllia.  Ann.  bc.  nat.  4  8(*r  T.  X.— Thbkl,  H.,  Roch.  enr  lea  Phaacollon.  K.  Vet.  Acad. 
Hftntll.  XIV. 

.Aimulata :  Annjimr  and  Miura-K&WAMDB,  ClaBaiflcaiion  dea  Annelidcfi  et  desoiption  d««  ccUoa 
qoi  habitcnt  lea  c6tca  de  la  France.  Ann.  ic.  nat,  T.  XXVI  [—XXX.  1832-33.— lui.w»-towAa»«' 
Article:  AnnotWe*,  mTodd'iiCjdopfcdia,  J.  laM.— (iRiBS^DePleionGcanincnlata^  B«siomoiiti» 
1887. — Tho  wimo,  Zur  Anntomie  und  FhyBiolog^io  der  Kiernonwtirmcr.  K6ni^berg,  18^ — ^Tbe 
somOi,  Die  Fiimilien  der  Anneliden.  Arch,  fur  Natiirj^eech.  1850.— QcATaBFAoaa,  ficodea  aur  les 
WxteA  inft'rieurcii  do  I'cmbranchment  des  ann^l^s,  Ann.  «;.  nat.  8er,  3.  Tomoa  X.  XtL  XUX 
XIV.  X Vin.  l82a-&2.  (Tho  reunite  aro  j?iven  u»  Lbc  "  HbMioiro  nat.  dea  Ann^l^  "  of  thib  famo 
Author.)  —  Lktdig,  Zur  Anatomlti  von  FiBieola  goomfstrica.  Zeitaoher.  ftr.  w.  Zoolog.  I.-^ 
Bucif  Bdtz,  BcitrE^^o  xur  Anat.  der  Qattnnff  Enchytrama.  KAnlgsberser  PhjaUcaL-CBkonoaxiaelie 
Bolirilten.  III.  1^02.— Cuk^Aainx,  Eooherchea  analomiqiioi  aur  lea  Ann^lidea,  ete.  Geneve, 
1  ML— The  same,  Rech.  anat  aor  lea  OliKoobdtea.  Genera,  1S63.— Thn  Bame,  Glannrca  aooto- 
miqofla  parmi  le^  Ann4Moa.  Gen^Te,  1804- The  aame.  Lea  AniH-l ides  Cht^t(>pt»<1ea  da  Qolfe  de 
Naploa.  Geo^eetBilet  1898.  Bupplemeal,  1870.- Tbo  aame,  lllHtoL  UnL«rHuchuiiL)q:cn  fdMir  d« 
Begenwurm.  Zeitsoh.  f.  wIbb.  Zool.  XIX.— Pitimiia,  E..  f^tudea  t«ar  I'orKanlB.  do«  LombricienB 
tCTToatroa.  Arch,  de  ZooL  HI,— Giiirr,  A.,  Unieirs.  abor  dia  AkiapWen.  N.  Acta.  Ac.  Loop. 
Carol.  XXXIX. 

Botenoffastriee :  TrtuiiBo,  P.«  Neomcnia,  a  new  f^nnt^  of  invcrU^brntG  aidmalA.  Bifajmg  tUl 
K.  8venakaTet.acad.  Hnmlliiiffer  lU.— GaArr»  L.  Anat.  v.  Chictodemni.  nitid.  Zoitacb,  f.  w* 
Z06U    Bd.  XXVL'-Ttio  aamei  Ueber  Neomeuia  a.  Cha'todenna.    Jb.    Bd.  XX VUL 


Form  of  the  Body, 

i  100. 

The  raJiato  form  of  body,  which  obtains  in  most  Coolenterata, 
never  developed  in  the  Vermes*  It  is  rephiced  by  the  eudiplenral 
form  J  which  is  generally  known  as  that  of  bilateral  symmetry 
(cf,  supra,  p.  59).  It  predominates  in  all  higher  divisions  of  the 
Animal  Kingdom,  Although  in  some  stageis,  as  for  example  in  the 
scolex-form  of  many  Cestoda^  this  differentiation  of  tho  secondary 
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axes  is  not  expressed^  so  that  similar  characters  to  those  which 
obtain  in  the  Ccelenterata  can  be  made  ont,  yet  I  do  not  regard  this 
condition  as  one  that  has  been  inherited  by  the  Cestoda,  for  they  can 
only  be  derived  from  forms,  which  like  the  rest  of  the  Platyhelminthes, 
possessed  the  original  eudipleural  form.  Their  condition,  which 
depends  on  the  equal  development  of  the  secondary  axes,  is  at  once 
explained  by  their  loss  of  the  power  of  locomotion,  and  by  the 
attachment  of  the  body  by  a  point,  which  corresponds  to  one  pole 
of  the  primary  axis. 

A  head,  which  has  a  mouth  placed  as  a  rule  somewhere  on  its 
ventral  surface,  can  generally  be  distinguished  at  the  oral  pole.  In 
most  Platyhelminthes  the  mouth  is  some  distance  from  the  head ;  in 
the  Turbellaria,  indeed,  it  is  generally  some  way  back  on  the  ventral 
surface  of  the  body.  The  aboral  end  of  the  body  carries  the  anus ; 
this,  when  present,  has  ordinarily  a  dorsal  position. 

In  the  fixed  Vermes  the  form  of  the  body  undergoes  considerable 
modifications.  It  is  greatly  influenced  by  the  development  of  a 
covering,  as  in  the  Bryozoa.  The  aboral  end  of  the  body,  by  which 
the  animal  is  attached,  can  no  longer  carry  the  anus,  which  is 
accordingly  placed  nearer  to  the  anterior  portion  of  the  body,  which 
is  not  enclosed  by  the  cell. 

§  101. 

Another  pheenomenon  which  is  first  seen  among  Vermes  is  the 
segmentation  of  the  body.  Already  in  the 
Rotatoria  the  hinder  portion  of  the  body 
is  adapted  to  locomotion  by  being  broken 
up  into  a  number  of  segments.  In  this  we 
see  an  indication  of  a  condition  which 
becomes  very  important  in  the  higher  divi- 
sions. In  the  Cestoda  it  is  further  de- 
veloped. A  differentiation  is  occasioned 
by  the  growth  of  the  body  in  the  direction 
of  its  primary  axis.  The  anterior  and  pos- 
terior parts  of  the  body  no  longer  enclose 
the  same  organs.  Thus  in  the  Caryophyl- 
laei  the  hinder  portion  of  the  body  alone 
contains  the  generative  organs.  In  Ligula 
this  hinder  portion  of  the  body  is  consider- 
ably developed  by  the  great  repetition  of 
the  generative  organs.  In  the  Tajniadae 
a  very  large  series  of  these  generative 
organs  are  developed  in  the  hinder  end  of 
the  body,  and  each  corresponding  area 
forms  a  joint,  which  is  gradually  marked 
off  on  the  outer  surface,  and  has  the  rela- 
tions of  a  metamere  to  the  other  joints 

(Pig.  51).     In  this  way  the  Taenia-chain  is  formed,  the  last  meta- 
meres  of  which  (the  so-called  proglottids)  break  off  at  a  certain 
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Tronia  (Tet- 
rarhynchus) ;  asexual  form 
(nnrso).  2.  The  Bame  in  the 
joint-forming  stage  (strobila), 
in  which  the  last  joints  (pro- 
glottids) are  breaking  off,  one 
by  one  (after  P.  J.  van  Benodcn) . 
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stag©  of  development^  and  foinn  more  or  lesa  independent  individuals. 
This  process  represents  therefore  a  process  of  gemmation^  tbe  pro- 
duct of  wMcli  is  tlio  Tteuia-cliain  ;  each  separate  joint  is  a  nietamero 
as  compared  with  the  general  organism  of  the  chain,  but  it  is  ako 
to  be  regarded  els  a  separate  person^  since  it  is  capable  of  an  indepen- 
dent esiatence,  the  slight  dnration  of  which  is  explained  by  its  struc- 
turoj  which  is  adapted  to  a  parasitic  habit.  The  metamerism  of  the 
body,  seen  in  the  Cestoda,  may  be  derived  from  a  process  of  gem- 
mationj  and  gemmation  itself  is  correlated  with  the  elongation  of 
the  body.  It  is  an  intermediate  stage  between  the  two  phjenomena ; 
and  there  is,  therefore,  no  well-defined  antagonism  between  them, 
A¥here  metamerism  is  faintly  expressed,  it  becomes  more  and  more 
nearly  a  case  of  simple  eh^ngation. 

In  many  divisions  we  may  find  examples  of  this  incomplete 
metamerism.  It  is  indicated  in  various  systems  of  organs  in  tho 
Nomertina.  In  the  Gepbyrea  also,  metamerism  is  not  a  general 
phienomenon,  for  several  syateras  of  organs  are  not  affected  by  it. 
On  the  other  hand,  it  obtains  generally  in  tho  Anunlata,  and  gives  to 
the  organism  a  multifid  appearance.  In  them  it  is  not  unfrequently 
associated  with  a  process  of  distinct  gemmation.  In  the  embryonic 
body  there  are  generally  fewer  me  tamer  es  than  in  the  adult.  The 
freshly -developed  segments  are  formed  in  front  o£  the  last  one.  The 
elaboration  of  particular  metameres  gives  rise  to  a  large  number 
of  modifications.  Such  also  result  when  a  number  of  metameres 
undergo  concrescence,  and  the  primitive  arrangement  is  only  indicated 
by  certain  systems  of  organs ;  this  gives  rise  to  conditions  which 
it  is  difficult  to  distinguish  from  those  in  which  metamerism  is 
just  commencing.  When  metameres  are  developed  the  organism 
becomes  one  of  a  higher  grade  of  organisation,  although  indeed 
this  Ls  not  the  only  path  towards  such  a  stage,  for  we  meet  with 
differentiations  of  other  kinds  which  lead  to  higher  conditions.  The 
more  definite  differentiation  of  the  ventral  surface  owing  to  the 
development  of  a  groove,  as  in  the  Solenogastres  {in  Cheetoderma 
this  is  found  in  the  posterior  region  of  the  body  only)  is  an  example 
of  this ;  it  represents  the  first  stage  in  the  formation  of  that  pedal 
Bm*f ace  of  the  body  which  is  seen  in  tho  lowest  Mollusca, 


§  102. 

There  are  various  other  modifications  in  certain  smaller  divisions, 
which  are  to  be  attributed  to  adaptations  to  changed  external 
conditions  of  life;  this  is  especially  the  case  in  the  eutoparaaitio 
Platyhelminthes.  The  "  cystic  form "  must  be  regarded  as  the 
moat  important  of  these  modifications ;  this,  which  is  intercalated 
into  the  developmental  history  of  the  Cestoda,  is,  in  its  phylogonetic 
history,  just  as  certainly  due  to  the  organism  having  entered  into 
relations  which  at  first  were  strange  and  abnormal  to  it,  as  is  the 
general  parasitism  itself  refemble  to  habits,  which  were  only 
eecondarily  acquired.     The  phylogenetic  history  of  tho  cystic  form 
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Fig.  52.  Yonnjif 
Ta?niA,  with  head 
puBhe<liQ*aH(?4KL 
^Envolope,  cTho 
fiix  embryonio 
hoolcF,  remaining 
at  one  point  of  tho 
envelope  (after  V. 
Siebold). 


Fig,  63.  Tlio 
Bimio  Ttt-nia^  with 
head  protrudcLK 
Letters  as  in  Fig, 
52  (after  V.  Bic- 
bold). 


is  based  on  tlie  notion  that  certain  abnormal  external  conditions  of 

life  gradually  became  nonnalj  in  consequence  of  the  adaptation  of 

the   organism   to    them,    and    that   it   did   not   arise   by   a   simple 

antagonism  to  the  worm^s  primitive  ontogenesis,  which  now  includes 

this  cystic  form  as  a  normal  part  of 

its   cycle.     What  has  happened  is 

this — that  the  process  of  adaptation 

has  seized   upon  and   exaggerated 

a   normal    inherited    phase   of  the 

worm's    ontogeny,   and    in    virtue 

of  the   continuation   of   conditions 

favourable  to  the  appearance  of  this 

exaggerated  phase,  its  appearance 

has  become  a  normal  phasnomenon, 

Tho  variations  of   the  cystic  form 

are  all  readily  deducible  from  the 

first  developmental    stage    of    the 

Cestoda.     The  embryo  is  generally 

provided  with  three  pairs  of  hooks, 

and  a  cestoid  head  may  be  observed 

to  be  differentiated  within  it  (Fig,  52,  a) ;   when  fully  developed 

this  is  pushed  out,  so  that  the  envelope,  %vhich  at  first  was  external, 

becomes  the  portion  of  the  body  below  the  head  (Fig,  53,  h].     In 

tho  Cysticercus-form  tho  embryo  grows  into  a  vesicle  filled  with 

flaidj  from  the  walls  of  which  the  bead  is  budded 

out.      When    the   head   is   protracted,  tho  vesicle 

forma  a  terminal  appendage  of  the  body  (Fig.  54), 

When  a  number  of  buds  are  formed  on  the  wall 
of  the  vesicle^,  in  which  proti'actile  heads  are  dif- 
ferentiatedj  we  have  the  Coonnrus-foroi.  \Vlien  the 
buds  break  off  into  the  interior  of  the  vesicle,  and 
there  form  new  vesicles,  on  the  walls  of  which  the 
same  budding  process  goes  on,  leading  to  the  for- 
mation of  systems  of  vesicles,  placed  one  within  the 
olbcr,  and  when  the  youngest  of  these  can  again 
bud  off  ta?nia-hoads  on  its  inner  wait,  we  get  the 
Eehinococcns- f  onn , 

Notwithstanding  the  varions  characters  of  their 
final  products,  these  processes  of  gemmation  may 
bo  derived  from  a  common  ground-form.  They  are 
by  no  means  unparalleled  among  thoPlatyhelmiuthes, 
for  in  not  a  few  an  asexual  multiplication  occurs,  which  is 
very  similar  to  these  in  many  points.  It  is  very  common  among  tho 
Trematoda,  where  the  embryo  gives  rise  to  an  asexual  stage  known 
as  the  "  sporocyst/'  Tho  body-parenchyma  of  thia  sporocyst 
becomes  differentiated,  generally  into  similar  structures,  in  which  in 
their  turn  the  larvte  knowni  as  **  Cercaria)  ^'  are  produced,  and  these 
are  developed  into  the  sexually  mature  form.  The  variation  in  the 
forms   of  the  separate  generations  seems  to  be  due^  in  a  general 
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Fig.  54.  Cjati 
corcua  eellu^ 
loBa? ;  head  pro 
triideii  (nat^Bi^o) 
a  The  eaadal  vos 
iele,  fillLni  with 
flaiij,  c  The  an. 
terior  part  of  tho 
body,  ti  The  head 
(afterV.SicholdJ. 
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way,  to  the  degenerations  correlated  with  their  parasitic  habit, 
and  in  special  points  to  their  relations  to  their  different  hosts. 
Parasitism,  in  fact,  determines  the  whole  phaonomenon  in  question, 
which  is  spoken  of  as  '^alternation  of  generations,"  but  by  no  means 
explained  by  that  phrase. 

§  103. 

Gemmation  is  a  common  process  among  the  Bryozoa  also,  where 
it  leads  to  the  formation  of  colonies.  As  in  other  Vermes  and 
Coelenterata,  the  buds  are  developed  from  the  wall  of  the  body. 
Accordingly  as  the  bud  remains  at  the  side  of,  and  on  the  same 
level  with,  its  mother,  or  grows  at  one  end  and  raises  itself  from  the 
ground,  flattened  or  upwardly-growing  ramified  cormi  are  formed. 
At  the  edge  of  th«  flattened  colony  the  youngest  buds  often  form  the 
rudiments  of  several  individuals  (persons),  which  are  by-and-by 
separated  from  one  another.  We  observe  in  the  case  of  develop- 
ment by  gemmation  as  also  in  development  from  the  ovum,  that  the 
anterior  portion  of  the  body,  which  carries  the  crown  of  tentacles, 
develops  inside  the  hinder  portion  of  the  body,  which  forms  the 
cell  round  the  animal.  The  proposal  has  therefore,  though  without 
reason,  been  made  to  regard  the  two  portions  as  separate  "indi- 
viduals.'' All  the  persons  of  a  Bryozoan  colony  are  not  equally  well 
developed.  In  many,  the  parts  belonging  to  the  cells  and  muscles 
only  are  developed;  these  give  rise  to  the  so-called  Avicularia, 
which  function  as  prehensile  organs  for  the  colony.  The  Vibra- 
cularia,  which  are  long  spike-shaped  structures,  continually  moving, 
are  parts  further  modified.  Lastly,  some  persons  may  serve  only 
for  the  reception  of  ova,  and  form  the  so-called  marsupial  cap- 
sules. Thus  we  meet  here  again  with  a  polymorphism,  which  is  duo 
to  a  division  of  the  physiological  work  of  the  colony. 


Appendages. 
§  104. 

The  appendages  have  the  form  of  actively  mobile  processes  of 
the  body,  which  may  be  used  for  the  most  varied  purposes,  accord- 
ing to  their  relation  to  it,  and  their  more  special  line  of  development. 
As  low  down  as  the  Turbellaria  processes  are  found  on  the  portion 
of  the  body  which  represents  the  head.  In  many  Planarians  lateral 
lobate  processes  are  developed  as  tentacles,  or  feelers;  in  others 
the  dorsal  surface  of  the  body  is  distinguished  by  similar  processes 
(Thysanozoon). 

While  the  parasitic  mode  of  life  of  the  Trematoda,  Costoda,  and 
many  Nemathelminthes  causes  structures  of  this  kind  to  disappear 
from  them  altogether,  such  structures  are  largely  developed  in  the 
free-living  Annulata,  and  prove  to  us  the  great  influence  of  the  outer 
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world  on  the  organism.  They  are  especially  developed  in  the  Chasto- 
poda,  the  cephahc  region  of  which  is  provided  with  contractile  pro- 
cesses, either  at  the  sides  or  in  the  middle  line  (Fig.  55,  t  if).  These 
processes  are  simple,  or  are  further  differentiated  by  segmentation, 
or  even  distinguished  by  the  possession  of  secondary  processes.  By 
adaptation  to  the  most  varied  conditions  of  life  they  are  converted 
into  very  various  structures,  and  serve  for  all  kinds  of  functions. 

In  the  tubicolous  Cheotopoda,  where  the  cephalic  region  is  that  por- 
tion of  the  body  which  comes  into  closest  relation  with  the  surround- 
ing medium,  the  tentacles  are  converted  into  an  important  apparatus. 
They  form  tufts  of  contractile  filaments  on  the  cephalic  lobes,  where 
they  are  arranged 
in  one  or  more 
rows  (Terebella 
[cf .  infra,  Fig.  79, 
t],  Hermella);  or 
they  may  be  con- 
verted into  strong 
plume-like  struc- 
tures (branchial 
tentacles)  by  the 
development  of  an 
internal  support 
(cartilage),  and  be 
beset  with  secon- 
dary branches ; 
these,  in  addition 
to  lieir  respira- 
tory function,  may 
also  aid  in  the 
movement  of  the 
whole  apparatus 
when  seizing  food  ^  gg  ^^  ^^  j^^^^.^  Dumerilii.  aa'  Tentaoleg. 
(berpulaceae).  In  1 1'  t"  t'"  t'^  f  Feelers,  p  Parapodia.  ph  Pharynx, 
some,  these  bran-  «*  Jaws.    *  (Esophagus,    gl  Glands  (after  Clapar^e). 

chial  tentacles  are 

arranged  in  two  groups,  and  resemble  an  open  fan.  In  Siphonos- 
toma  they  form  short  simple  filaments,  with  two  longer  delicate 
feelers.  In  others  the  base  of  the  two  halves  of  the  tuft,  which  are 
separated  on  the  dorsal  line,  is  drawn  out  into  a  spirally-coiled 
ridge,  on  which  the  separate  filaments  are  arranged  (Sabellidaa). 
When  optic  organs  are  formed  on  the  separate  filaments  of  the 
branchial  tufts,  the  tentacles  acquire  new  and  important  relations 
(Branchiomma). 

Some  of  the  branchial  filaments  undergo  other  kinds  of  changes. 
In  some  Sabellidao  one  or  two  of  the  primitively  similar  branchial 
tentacles  (Protula)  lose  their  respiratory  function ;  in  others  they  are 
converted  into  club-shaped  organs,  one  of  which  is  largely  developed, 
and  serves  as  an  operculum  to  close  the  tube  in  which  the  animal 
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lives.  In  Filigrana  tlio  stalk  of  the  operculum  retaina  eome  ot  its 
prlmitiye  characters  by  being  featliered.  But  this  feathered  arrange- 
itient  may  be  lost  (Serpiila),  and  then  tho  operculum^  during  its 
development^  passes  through  stages  which  are  permanent  in  other 
forms.  A  calcihed  layer  is  often  secreted  in  this  apparatus,  which 
owes  its  origin  to  adaptation  ;  it  covers  the  free  flattened  end  like  a 
disc.  In  some  cases  the  widened  opercular  stalk  takes  up  tho  ova, 
and  functions  as  a  brooding  pouch  (Spirorbis  spirillum).  Thus  we 
find  one  and  tho  same  organ  passing  through  a  series  of  the  most 
varied  relations^  far  removed  from  its  original  signiticauco,  and 
caused  by  certain  external  relations.  In  addition  to  the  feelers 
there  are  special  tentacles  in  the  Chmtepoda,  which  are  shorter, 
but  contractile  (Fig.  55,  a). 

The  tentacles  of  the  Bryozoa  are  structures  of  this  kind  j  they 
have  the  form  of  filamentous  ciliated  and  contractile  processes  of  a 
discoid  or  lobate  extension  of  the  oral  end  of  the  integument  (lopho- 
phore).  The  discoid  form  of  lophophore,  in  which  tho  mouth  is 
placed  in  the  centre,  is  the  most  common.  In  the  other  case,  the 
lophophore  is  drawn  out  into  two  processes,  so  as  to  have  a  horse- 
shoe shape  (Fig.  60,  B  br). 

In  Pedicoilina  and  Loxosoma,  the  tentacles,  which  beset  the  edge 
of  a  discoid  surface^  which  carries  both  mouth  and  anus,  are  simpler 
in  character;  they  are  not  hollow  internally,  like  the  tentacles  of  the 
other  Bryozoa, 

§  105. 

Another  group  of  appendages  is  represented  by  the  locomotor 
processes  developed  in  Cha3topoda,  which  are  lateral  processes  of 
the  metameres  of  the  body^  the  foot- stumps  or  parapodia  (Figs. 
55j  56,  j>).  They  are  always  arranged  in  pairs,  of  which  there  may  be 
one  or  two  on  each  segment.  When  there  are  two,  one  pair  occupies 
the  dorsal,  and  the  other  the  ventral  portion  of  the  side  of  the  body. 
They  carry  setaj,  and  often  also  filamentous  appendages  (cirri),  which 
vary  greatly  in  form,  and  may  be  larger  than  the  parapodia,  or  may 
even  take  the  place  of  these  appendages,  when  the  latter  are  atrophied. 
The  dorsal  and  ventral  appendages  of  either  side  are  sometimes 
closely  approximated;  thoi'o  are  all  kinds  of  intennediate  steps 
between  this  stage,  and  that  in  which  they  are  completely  fused 
(8yllidir).  Such  a  fused  appendage  occupies  the  side  of  the  body,  and 
carries  the  secondary  appendages  (setfo  and  cirri),  which,  in  others, 
are  distributed  to  tho  dorsal  and  ventral  parapodia.  The  cirri 
appear  to  bo  atrophied  in  the  Tubicola?,  where  they  cannot  have  any 
physiological  significance,  owing  to  the  body  occupying  a  tube, 
which  has  sometimes  the  form  of  a  shell. 

The  parapodia  are  developed  in  very  various  degrees,  and  are  com- 
plicfited  by  their  relation  to  groups  of  setfo.  A  metamorphosis  is 
effeclod  by  a  widening  of  the  ends  of  the  separate,  or  of  fused 
parapodia,  or  rather  of  their  cirri,  to  form  swimming-plates  (Phyllo- 
docidse).      The   elytra  are   special   appendages   of    the   parapodia 
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formocl  by  the  metamorphosis  of  their  dorsal  cirri ;  they  are  scale- 
like  lamelltBj  which  lie  on  one  another  on  tlio  dorsal  surface^  and 
altornato  with  short  processes  {Aphroditidao).  Although  tho 
parapodia  of  the  Annelidai  which  function  as  locomotor  organs, 
appear  to  be  the  rudiments  of  the  appendages,  which  are  more  per- 
fectly developed  in  the  Arthropoda,  they  are  not  independent,  for 
they  have  no  special  muscular  apparatus  of  their  own,  like  the 
appendages  of  the  Arthrnpoda,  and  they  are  principally  set  in  action 
by  the  general  niovoment  of  the  metameres  to  which  they  belong. 


External  Branctiiae, 

5  106. 

The  appendages  on  the  head,  as  well  as  those  on  the  metameres, 
of  the  Chjetopoda  undergo  various  changes  in  adaptation  to  the 
respiratory  function.  Although  in  most  Vermes  this  is  per- 
formed by  the  general  surface  of  the  body,  in  the  Chsetopoda  it  13 
confined  to  definite  parts,  which  are  thereby  converted  into 
branchiae,  as  may  be  seen  from  their  relation  to  the  vascular  systemj 
and  from  other  points  in  their  strneture. 

The  cephalic  tentacles  are  the  first  to  enter  into  these 
respiratory  relations  (§104),  In  some  (Pectinaria,  Terebella)  these 
structures  contain  a  perienteric  fluid,  and  are  not  distinctly 
branchiae.  They  are  more  definitely  branchial  in  the  Phoraseida3 
(Siphonostoma).  In  the  8abe!lidm  they  are  still  further  differen- 
tiated in  the  manner  described  above,  and  the  separate  gill-filaments 
are  beset  with  secondary  pinnules,  by  which  their  surface  is  further 
increased  in  size. 

Just  as  gills  are  formed  by  the  special  development  of  the 
cephalic  tentacles,  so,  too,  gills  are  formed  from  the  appendages 
of  the  separate  segments  of  the  body,  by  the  modifica- 
tions of  the  cirri  which  are  attached  to  the  parapodia,  or  by  the 
formation  of  special  appendages.  When  simplest  the  cirri  are  not 
altered  in  character,  but  enclose  a  continuation  of  the  ecelom,  so 
that  the  perienteric  fluid  can  enter  into  them.  The  presence  of 
cilia  on  the  cirri  is  also  of  importance  for  their  respii^tory 
fxinctions*  The  exchange  of  gases  is  promoted  by  the  walls  of  the 
cirri  becoming  considerably  thinner  at  certain  points.  As  a  rule 
it  is  the  dorsal  appendages  which  arc  developed  in  this  way.  The 
so-called  elytra  of  the  Aphroditidie  also  belong  to  this  series  of 
processes.  They  eommnnieato  freely  with  tho  ccelom.  Cirri  become 
more  definitely  related  to  the  respiratory  function  by  the  continuation 
of  the  blood-vascular  system  into  them.  They  then  foi-ni  br  anchia?* 
These  either  retain  the  condition  of  simple  processes — sometimes  they 
are  lamellar  in  form — or  are  variously  branched.  In  Cirratulus 
they  are  greatly  elongated  single  filaments.  The  branched  form 
includes  the  more  delicate  brauchieQ,  which  are  either  comb-like 
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(EunicidaB,  Fig.  56,  A  B),  or  are  arborescent  (Pig.  82,  br)  (e.  g.  in 
the  Amphinomeae).  As  a  dorsal  cirrus  is  frequently  present  in  ad- 
dition to  these  branchias,  they  appear  to  be  independent  organs; 


Fig.  56.  Diagrams  of  vertical  sections  of  Annnlata^  showing  the  appendages.  A  Sec- 
tion  of  Eunice.    B  of  Myrionida.    p  NemopodiiuxL    p '  Notopodiom.    hr  fironchise. 

hr'  Cirri. 

this  is  the  more  probable  since  they  frequently  are  separated  from 
the  parapodia,  and  arise  directly  from  the  dorsal  surface. 

They  are  distributed  in  varying  number  over  the  body.  They  are 
sometimes  found  on  all  the  segments  of  it,  but  they  are  gene- 
rally less  abundant  at  the  tail  (Eunice  sanguinea,  Amphinome), 
Sometimes  they  are  limited  to  a  number  of  segments  and  become 
gradually  rudimentary  (Arenicola,  Hermella).  In  the  tubicolous 
forms,  the  mode  of  life  leads  to  the  development  of  the  anterior, 
and  the  disappearance  of  the  posterior  gills.  On  the  three  anterior 
segments  of  the  Terebellidaa  there  are  branched  branchial  tufts 
(Pig.  79,  bi'),  in  Pectinaria  two  comb-like  branchiae,  and  in 
Branchiosabella  and  Sabellides  simple  filiform  appendages  at  the 
same  point. 

In  other  divisions,  also,  of  the  Vermes  the  respiratory  function  is 
assigned  to  processes  of  the  body.  This  is  true  of  the  tentacles 
of  the  Bryozoa.  In  the  Gephyrea  there  are  special  developments  as 
respiratory  processes;  in  Sternaspis  the  hinder  end  of  the  body 
carries  vascular  appendages.  Finally,  even  in  the  Hirudinea  there 
are  lamellar  extensions  of  the  integument  arranged  metamerically 
(Branchellion), 


Integument 
§  107. 

The  integument  of  the  Vermes,  which  is  separated  off  from  the 
ectoderm,  is  closely  united  to  the  muscular  system,  by  which  it  is 
continued  into  the  parenchyma  of  the  body  when  a  coolom  is  wanting. 
This  obtains  in  most  of  the  Platyhelminths  (Plat- worms)  and  Hiru- 
dinea. Where  the  coolom  is  present,  the  integument,  with  the 
muscles,  forms  a  dermo-muscular  tube,  as  in  the  Acanthocephali, 
Gephyrea,  and  most  Annulata, 

If  we  separate  the  dermo-muscular  tube  into  its  two  constituent 


INTEGUI^IENT   OF  VERMES. 

partSj  wo  find  the  muscular  portion  to  ho,  as  a  rule,  the  larger ;  and 
the  layer  which  corresponds  to  the  trno  integument  to  bo  propor- 
tionately feebly  developed. 

The  proper  infcegament  is  formed,  as  a  rule^  of  a  layer  of  cella,  the 
elements  of  which  are  often  so  slightly  separated  that  they  form  a 
syncytium.  This  layer  coiTesponds  to  au  opidermia*  In  the 
Turbellaria  it  i.s  everywhere  provided  with  cilia.  In  many  the 
cilia  are  placed  on  an  apparently  homogeneous  kiyer,  which  resembleg 
a  caticle.  But  the  cilia  must  be  regarded  as  processes  of  the  cells. 
Even  in  those  forms^  such  as  the  Costoda,  in  which  there  are  no 
cilia  in  the  adu!t>  there  is  an  investment  of  cilia  during  the  embryonic 
stages.  The  embryos  of  the  Treraatoda  also  have  it.  In  many 
Annelids  there  are  ciliated  spots  at  various  parts  of  the  body,  or 
large  tracts  may  be  clothed  with  cilia. 

The  part  that  this  investment  of  ciiia  plays  in  locomotion  is  best 
seen  in  the  smallest  forms.  In  the  young  state  it  is  generally  the  sole 
organ  of  locomotion.  By  the  growth  of  processes  of  the  body  the 
cilia-hearing  surface  is  increased^  and  so  the  cilia  become  of  greater 
importance  in  locomotion.  This  is  their  character  in  the  hirvte  of 
the  Gephyrea  and  of  most  Annelids.  The  cilia  are  arranged  on 
ridge-like  processes,  which  surround  certain  tracts  of  the  surface  of 
the  body,  as  lines  or  circlets  of  cilia;  the  arrangement  of  these 
is  genemlly  characteristic  of  the  various  divisions.  One  or  more 
circlets  of  cilia  surroimd  the  bodyj  and  by  these  the  larvfe  of  the 
Cha^topoda  are  divided  into  mesotrochalj  telotrochalj  and  poly- 
trochal  forms.  Even  if  the  surface  of  the  body  bears  other  cilia  also, 
those  of  the  circlets  are  more  powerfully  developed,  and  their 
action  essentially  aids  in  more  rapid  locomotion*  Of  these  circlets  of 
cilia  (Fig.  57,  G  B  v)  one  is  more  remarkable  than  the  rest,  it  appears 


Fiff.  57.     AiTaDgement  of  tbe  ciliated  Imods  in  tto  larvto  of  HioEchinoderma, 

A  B,  and  of  tho  Vovmoa,  V  D.     v  Anterior;     w  Poaterior  cii'clet  of  cilia, 

0  Motith.     t  Eaterio  canal,    a  AniiB* 

in  tho  very  earliest  stage,  and  divides  the  body  into  an  antorior  and 
a  posterior  portion.  The  former  represents  the  upper  part  of  tlio 
future  liciid  of  the  worm,  while  from  tho  other  portion  tlio  whole  of 
the  rest  of  tho  body  is  developed.      The  primitive  circlet  of  cilia 
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persists  in  one  division  of  the  TermeSj  the  Rotatoria.  "IMiile  the 
posterior  portion  is  differentiated  into  a  more  or  less  jointed  body, 
the  anterior  part,  which  carries  lon^  cilia  on  a  discoid  thiekening,  is 
developed  into  a  special  organ,  which  is  characteristic  of  this  division • 
This  wheel- organ — so-called  from  the  movement  of  its  ci I ia^— varies 
greatly  in  character.  It  may  be  either  permanently  simple^  and 
retain  its  primitive  state,  or  it  may  be  broadened  out  into  lobate 
processes  (Tiibicolarift)^  or  form  tentacular  prolongations  {Stephano- 
ceros),  which  frequently  have  a  locomotor  function  in  tlie  larval 
stages  only,  ami  in  the  later  Jixed  mode  of  life  are  uficd  to  bring  food 
to  the  animal  by  means  of  the  currents  produced  by  the  action  of 
the  cilia.  In  the  Bryozoaj  also,  a  circlet  of  cilia  precedes  the 
development  of  the  tentacles,  which  are  budded  out  internally  to  it. 
Owing  to  the  position  of  the  mouth,  this  circlet  of  tentacles  does  not 
resemble  the  more  common  form;  but  it  nevertheless  has  close 
relations  with  the  aiTangements  in  some  divisions,  e.g,  the  Gephyrea, 
the  larvaa  of  which  have  a  circlet  of  cilia  snrroundiug  the  oral 
region ,  Further,  in  Polygordius,  which  eJi:cept  in  this  point  resembles 
the  Nematodes^  there  is  a  circlet  of  cilia ;  so  that  we  recognise  in 
this  circlet  of  ci!ia  an  arrangement  which  may  have  been  transmitted 

from     an     ancestral     form 
if  r     ^^'^V^^r        common  to  many  divisions 

~  of  the  Vermes. 

§  108. 

Wlien  cilia  are  absent  the 
epidermic  layer  is  covered 
by  a  cuticle^  w^hich  varies 
greatly  in  character,  and  is 
a  product  of  the  secretion 
of  the  epidermic  cells.  This 
cuticle  is  a  thin  or  even  a 
soft  layer  in  the  Treniatoda 
and  Cestoda  among  the  Pla- 
tyhelminthes.  It  has  the 
same  character  in  the  An- 
nelida, bnt  in  them  it  may 
be  very  greatly  developed 
(Fig*  58,  r).  It  is  also  pre- 
sent in  the  Acanthocephali. 
\'VTien  this  layer  is  thickened 
pore-canals  may  be  seen  in 
it.  In  the  class  of  the  Nemat- 
helminthea  it  is  very  greatly 
developed,  and  is  thicker  than  the  subjacent  matrix.  Very  often 
several  layers,  differing  from  one  another,  can  be  made  out  in  it; 
they  are  formed  of  a  substance  which  appears  to  bo  clopcly  allied  to 
chitin.  When  separate  portions  of  the  cuticular  investment  are  very 
firm,  a  kind  of  dermal  gkeleton  is  formed  in  the  Annulata,  which  is 


Fig*  58.  Vertical  pec  Hon  tlirnngh  the  intern- 
ment of  an  Annelid  (S p  h  a*  r od  o r u  m)*  c  Thick 
cutioQlar  lnyor  with  wide  pore- canals,  m  Mus- 
cular layer,  m'  Mnscles  for  tlie  tuft  of  entjp, 
Sj  which  occnpies  tho  ventral  fmrapfxliuai, 
p,  while  the  dorsal  one,  f?,  is  represented  hy  a 
flwelling,  which  contninR  glandnlar  tnbes. 
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morpliologically  the  samo  as  the  chitinous  carapaco  of  the  Arthro- 
podfl,  although  it  is  not  so  hard. 

The  dermal  carapace  of  the  Rotatoria  resembles  completely  the 
chitinous  skeleton  of  the  Arthropoda,  Although  it  may  not  become 
a8  stroDgj  yet  the  rigidity  of  the  most  anterior  segment,  as  well  as  of 
the  succeeding  oueSj  which  are  connected  together  by  softer  inter- 
mediate pieces,  gives  to  it  the  character  of  a  true  skeleton^  which 
serves  for  the  origin  of  muscles. 

Tlie  cells  of  the  Bryozoa  are  also  cuticular  stmcturos ;  they  are 
sometimes  gelatinous  (Lophoptis  crystal limiB),  soft  and  flexible ; 
sometimes,  owing  to  calcareous  deposits,  they  are  much  harder. 
The  latter  kiud  are  found  in  most  of  the  Gymnolfcniata.  They  differ 
from  the  tubes  of  many  Rotatoria,  and  of  tubieolous  AnneHds,  by 
their  close  connection  with  the  body;  whereas  in  Rotatoria  and 
Annelids  the  tubes  are  formed  by  a  secretion  which  is  detached  from 
the  surface  of  the  body.  But  the  fact  that  iu  many  Rotatoria  the 
body- wall  loses  its  connection  with  the  hinder  portion  of  the  tube, 
shows  that  there  is  no  well-defined  boundary  between  those  struc- 
tures. We  see,  iu  fact,  that  there  are  intermediate  steps  between 
typical  cuticular  Btractnres  and  other  secretions,  which  are  ordinarily, 
though  wrongly,  grouped  in  contrast  with  them. 

The  firm  cell  of  the  Bryozoou  is  not  dcYclopod  over  the  whole 
body*  It  only  surrounds  the  hinder  portion,  and  is  continued  into  a 
more  delicate  chitinous  layer,  which  invests  the  anterior  tentacle- 
bearing  portion,  but  is  frequently  wautiDg.  This  difference  in  the 
differentiation  of  the  integument  leads  to  a  difference  in  the  power  of 
movement  of  these  two  regions  of  the  body,  and  allows  the  anterior 
portion  to  be  retracted^  and  to  hide  itself  and  its  crown  of  tentacles 
in  the  hinder  or  cell-bearing  portion.  There  are  various  differentia- 
tions of  the  cell,  which,  more  or  less,  bring  this  relation  of  the  parts 
to  a  state  of  perfection. 

§  109. 

Those  special  structures,  the  aciculi,  aetae,  hooks,  and  so  on, 
which  often  play  an  important  part  in  the  economy  of  the  animal, 
must  be  regarded  as  differentiations  of  the  integument,  of  the  class 
of  cuticular  formations.  The  structures  in  question  are  most  extra- 
ordinarily varied  in  character,  and  may  be  ^vided  into  two  gi-oups, 
according  to  their  relations  to  the  surface  of  the  body.  In  the  first 
group  they  have  the  character  of  simple  elevations  of  the  integument. 
A  thicker  cuticular  layer  is  formed  on  papilliform  processes,  which 
may  take  the  form  of  a  wart,  or  when  elongated,  of  a  hair  or  Beta, 
Even  when  it  is  very  firm,  it  is  still  only  apparently  an  indepen- 
dent structure,  for  it  is  nothing  more  than  a  modification  of  the 
cuticle,  into  which  it  passes  at  its  base.  The  firm  papillee  and 
acicuE  which  are  found  in  the  skin  of  many  Trematoda,  and  some- 
times variously  extended  oyer  the  anterior  region  of  the  body,  are 
organs  of  this  kind.  So  too  are  the  fine  and  closely  approximated 
aciculi,  which  cover  the  body  of  the  Solenogastrea   as  far  as  the 
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Fig.  5£)»  neail  of 
TcDnia  ccenorua 
(vesicle-form ;  Coeuu- 
ma  cerebraliB  seen 
from  in  front).  The 
fonr  suckers  and  tho 
crown  of  hooka  in 
tho  mi  list  of  them 
can  be  Been. 


F%,  CO.  nhciJeBit. 
ferent  hcvoka  from  Lho 
crown  of  hooka  of  tho 
B&nie  form-  Ecpre- 
senting  sUgos  of  de- 
velopment (after  y* 
Siobold) . 


ventral  groove ;  tlie  aciculi  of  the  EchiBorhynclii,  and  lastly,  the 
hooka  of  the  Ccstoda,  which  are  in  many  arranged  in  a  crown 
(Figs,    59,   60),   or  placed   in    the  wall   of   four  protractile   tubes 

(Tetrarhynchus).  These  be- 
gin as  thickenings  of  tho 
caticle,  but  they  form  an  in- 
termediate step  towards  the 
Beoond  group,  for  as  they  be- 
come chitinised  they  sink 
down  into  the  matrix^  and 
still  deeper. 

In  the  second  gi-oup  tho 
Betoo  or  acicnli  no  longer  arise 
on  the  surface,  but  in  special 
depressions,  which  may  bo 
very  well  comparetl  with 
glands.  The  secretion  is  formed  from  one  or  more  celkj  and  gets 
a  definite  form  as  it  hecomes  gradually  chitinised ;  varying  in 
different  regions  of  the  body.  As  a  rule  setae  are  first  formed 
when  metameres  are*  These  structures  vary  greatly  in  size  and 
fnrni,  and  are  very  different  in  the  varions  genera  and  species. 
With  the  exception  of  the  Hirudinea  they  are  found  in  all  the 
Aunulata,  They  are  almost  always  arranged  in  tufts  (cf.  Fig,  58,  s), 
two  or  four  of  which  aro  connected  with  the  parapodia  of  each 
inetaraere.  They  function  partly  as  locomotor  organs,  working 
like  oars  in  the  swimming  forms  (Vagantes) ;  when  they  are  meta- 
morphosed into  hooks  they  may  serve  as  seizing  or  clenching 
organs  (Tubicolao).  They  are  best  developed  in  the  Aphroditida^, 
where  some  of  the  finer  sette  form  a  felted  layer^  which  covers  the 
back  and  elytra. 

The  "  rod-like  bodies  "  in  the  integument  of  tho  Turbellaria  are 
special  structures,  as  are  the  similar  structures  in  the  Annelides ;  in 
many  cases  they  call  to  mind  the  "  urticating  capsules  of  the 
Acalepbte/^ 

§  110. 

An  organ,  tho  function  of  which  is  still  somewhat  uncertain, 
belongs  to  the  categoiy  of  differentiations  of  tho  integument; 
this  is  the  so-called  proboscis  of  the  Nemertina*  It  forms  a 
tube,  which  is  enclosed  in  a  special  sheath,  placed  above  the  enteron, 
and  is  often  coiled  •  this  tube  opens  in  the  anterior  part  of  the  body 
above  the  mouth,  whence  it  can  bo  protruded  by  eversion.  Several 
divisions  can  be  made  out  in  this  tube^  one  of  which  has  stylets 
at  its  base — generally  a  larger  stylet  in  the  middle,  and  at 
each  side  several  smaller  ones  in  special  pouches,  which  are 
sometimes  regarded  as  reserve  stylets,  and  Bometimea  as  structures 
of  a  supernumeraiy  character.  The  portion  of  the  tube  behind  tho 
stylets  is  glandular  in  character,  and  is  provided  with  an  excretory 
ductj  which  is  placed  close  to  the  sty  lot.     A  muscle  which  arises 
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from  the  body-wall  is  attaclied  to  tlio  blintl  end  of  tlio  tubo; 
it  is  to  bo  regarded  aa  a  retractor.  In  many  Nemertitia  (Liiieus, 
NemerteSj  etc)  the  stylets  are  absent. 

Iq  some  tho  tubo  is  small  (Polia  inToliita),  and  so  far  resenibles 
the  stnictnres  in  other  PlatyheltnintheSj  which  may  perhaps  be 
regarded  as  tho  first  stage  towardi*  the  highly  differentiated  pro- 
boscis of  tho  Nemertina.  Snch  are  the  stylets  present  at  tho 
anterior  end  of  the  body  of  the  CercaritB,  which  serve  for  boring,  and 
are  placed  either  on  the  surface,  or  at  the  bottom  of  a  deep  folli- 
calar  depression.  Lateral  stylets  having  the  same  relation  to  the 
median  one  as  in  the  proboscis  of  tho  Nemertina  are  often  observed; 
so  that  we  may  conclude  that  primitively  there  was  the  same 
organisation  iu  this  respect  in  a  large  division  of  tho  Platyhelminthes, 
Even  in  certain  NemathclraiEtlics  wc  find  similar  arrangements,  so 
that  we  have  here  to  do  with  a  wide  distribution  of  similar  characters. 
In  some  this  arrangement  is  only  found  in  the  young  stages,  and 
disappears  in  the  adult  organism  (Trematoda) ;  in  others  it  not  only 
persists,  but  is  connected  with  important  difEerentiations  (Nemertina). 


$  111- 

The  integument  of  the  Vermes  attains  to  a  higher  position 
through  the  differentiation  of  glands  as  special  organs  of  secretion. 
Organs  of  this  kind  have  been  recognised  in  nearly  all  the  divisions 
of  the  Vermes,  and  are  very  common  among  the  Annulata,  In  most 
cases  they  appear  to  be  unicellularj  and  sometimes  lie  immediately 
beneath  the  integument,  and  sometimes,  when  a  distinct  ca3lom  is 
wanting,  in  the  deeper  parts  of  the  body. 

Among  the  Platyhelminthes,  unicellular  dennal  glands  are  known 
in  the  Trematoda,  They  arc  generally  placed  in  groups  in  the 
anterior  part  of  the  body^  and  in  the  hinder  part  aLso^  where  they  are 
connected  with  the  suckers.  The  glands  are  greatly  developed  iu 
the  Hirudinea^  and  especially  in  the  Blood-leeches,  where  they  are 
Bcattered  in  tho  parenchyma  of  the  body,  and  open  on  to  the  skin  by 
long  ducts.  They  appear  to  be  developed  iu  relation  to  the  gene- 
rative function.  Unicellular  glands  are  also  present  in  the  integu- 
ment of  the  Scoleina,  where  they  are  placed  between  the  cells  of  the 
matrix,  la  many  cases  tho  glands  take  up  a  deeper  position,  and 
their  ducts,  only,  pass  between  the  epidermic  cells. 

In  the  Gephyrea  tubular  glands  also  are  connected  with  the 
integument,  aud  tubes  are  also  found  in  the  Annelides  {Pig<  58,  d)^  A 
glandular  layer  is  developed  on  one  portion  of  the  body  of  the 
Lumbricida),  as  aclitellus;  but  this  organ  does  not  appear  to  he  so 
simple  in  structure,  for  the  tubes  are  invested  by  a  special  epitheliu nip 
and  are  sometimes  lobate  in  form.  Glandular  tubes,  con  taming 
masses  of  rod-shaped  bodies,  are  very  common  among  the  Chaatopoda 
(Spio,  Aricia),  In  the  Nemertina  there  are  also  glands  which  secrete 
a  viscous  fluid.  In  many  cases  the  secretion  of  the  dermal  glands  is 
used  to  form  an  investment  for  the  ova. 


U2  COMPAEATIVE  ANATOMY. 

Skeleton. 
§  112. 

When  somewliat  firmer  than  usnal  the  integument  in  many  divi- 
sions of  the  Vermes  plays  an  important  part  as  an  organ  of  support ; 
these  relations  have  been  already  referred  to.  Organs  which  possess 
this  function,  without  any  subsidiary  relations,  are  more  worthy  of 
consideration.  Supporting  organs  of  this  kind  are  seen  in  the 
cartilaginous  pieces  in  the  cephalic  segment  of  a  number  of  tnbi- 
colons  Annelides ;  from  these  pieces  processes  pass  out  and  ramify, 
as  fine  bands,  in  the  feather-like  plates.  This  is  to  be  regarded 
as  the  formation  of  an  internal  skeleton,  but  it  presents  analogies 
only  to  other  similar  arrangements. 

This  also  holds  for  the  branchial  skeleton  of  the  Enteropneusti, 
which  is  made  up  of  a  lattice-work  of  homogeneous  rods  (cuticular 
structures).  Its  arrangement  and  development  call  to  mind  the 
branchial  skeleton  of  uie  lowest  Vertebrata  (Amphioxus),  but  it 
cannot  be  said  to  have  any  very  close  relations  to  it. 


Muscular  System. 

§  113. 

The  muscular  system  of  the  Vermes  is  connected  with  the  integu- 
ment, and  forms  in  most  of  them  the  largest  part  of  the  covering  of 
the  internal  organs.  In  some  it  is  only  slightly  developed.  The 
general  arrangement  of  the  fibres  follows  one  of  several  types,  which 
may  be  thus  characterised : 

1)  Circular,  longitudinal,  and  radial  fibres  form  a  connected  mass 
of  muscle,  in  which  the  two  former  are  separated  into  layers,  and  are 
traversed  by  the  radial  fibres.  The  circular  fibres  form  an  outer  and 
an  inner  layer,  between  which  the  longitudinal  fibres  are  placed. 
The  radial  fibres  run  from  the  interior  of  the  body  to  the  surface. 
At  the  lateral  edges  of  the  body  they  pass  directly  from  the  dorsal 
to  the  ventral  surface.  This  arrangement  of  the  muscles  is  found  in 
the  Platyhelminthes  and  Hirudinea.  In  addition  to  these  muscles 
there  are  fibres  which  run  obliquely ;  but  they  are  not  present  in  the 
Nemathelminthes  nor  in  the  Turbellaria  rhabdocoela. 

2)  The  longitudinal  fibrous  layer  is  alone  present.  This  is  the 
case  in  the  Nematodes,  ChsDtognathi,  and  in  Polygordius.  The 
longitudinal  muscles  are  distributed  in  various  ways.  The  muscular 
fibres  either  pass  directly  below  the  epidermal  layer  (matrix  of  the 
cuticle)  in  the  form  of  flat  bands,  the  broad  sides  of  which  are 
approximated,  or  they  have  their  edges  approximated,  and  their 
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surfaces  therefore  directed  inwarda  and  outwarda.  In  either  case 
the  muscles  are  grouped  iu  particular  ways.  They  are  separated 
into  two  latei'al  masses  by  a  dorsal  aod  median  line,  formed  by 
other  tissues ;  and  these  masses  consist  of  fibres  lying  directly  on 
one  another  (Gordius^  Trichocephalus).  In  the  majority  of 
Nemathelminthcs  there  is  a  f ui'ther  difEerentiatioiij  due  to  the  inter- 
position of  other  organs  at  each  side  of  the  dermo -muscular  tube. 
This   lateral   line   (Fig.  61,  A  r)    h,  in  very  many  NematodeSj 


61,  Transverse  Bection  of  Asoaria  Inmbriooidea,  A,  aod  of  HirndOj  B 
c  Catioulur  lajor.  m  Mtiscular  lay  on  r  Lateral  line  with  tbo  excretory  organ, 
jp  p  Upper  and  lower  median  line»    p^  Oblique  fibres,    v  Ent<?ron,    d  DorsaL    I  Lateral 

vascular  trunk*     s  Y&sich  of  the  cicrotory  organ,     n  Ventral  nerro-cbord. 


enlarged  into  a  lateral  tracts  which  is  more  or  less  developed;  it 
is  present  in  the  ChoDtognathi  also. 

3)  The  muscular  system  of  the  body  consists  of  a  layer  of 
external  circular,  and  internal  longitudinal  fibres*  Neither  aro 
separated  into  distinct  tracts  in  the  Gephyrea^  and  Acantliocephalij 
although  in  tlio  former  the  separate  longitudinal  or  transverse 
muscular  bands  aro  frequently  placed  at  some  distance  from  one 
another.  On  the  other  hand^  the  Ajinelides,  owing  to  the  arrange- 
ment of  the  longitudinal  fibres  into  two  dorsal  and  two  ventral 
layers,  have  a  distinct  lateral  field  or  groove ;  the  longitudinal  layer 
is  the  thicker.  A  layer  of  transverse  fibres,  generally  represented 
by  distinct  bundles,  passes  from  the  ventral  median  line  to  the 
lateml  grooves. 

In  addition  to  these  muscles,  which  aro  pnssent  throughout  the 
body,  there  are  also  separate  muscles  for  special  orgaus.  We  need 
only  mention  here  the  muscles  which  move  the  bundles  of  seta^^  and 
which  are  probably  nothing  more  than  fibres  separated  from  tho 
muscular  mass,  which  extends  over  the  whole  body. 

The  suckers  found  iu  the  Trematoda,  Cestoda,  and  Hiradineaj 
are  special  differentiations  of  the  dermo-muscular  tube,  which  agree 
with  one  another  in  all  the  essential  points  of  their  structure. 
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§  114. 

The  muscular  system  of  the  Bryozoa  consists  of  an  external 
layer  of  cireular,  and  an  interDa!  layer  of  longitudinal  fibres 
{f^liylactolasina).  The  circular  layer  is  frequently  separated  into 
distinct  bands.  The  muscles  which  connect  the  protnictile  portion 
of  the  body  witb  the  cell  are  the  best  developed.  When  the  walk 
of  the  cell  are  yery  strong  the  circular  bands  are  separated  (Fhistra), 
and  form  bundles  which  pass  from  the  side  walls  of  the  cell  to  its 
superior  free  edge,  Some  of  these  are  inserted  into  the  portion  of 
the  cellj  which  functions  as  an  operculum.  When  longitudinal 
muscles  are  presentj  some  of  the  muscular  fibres  are  separated  off 
behind  the  invaginated  portion  of  the  body,  and  pass  inwards  to  the 
duplicature  of  the  body-wall,  whence  most  of  them  are  produced  on 
to  the  base  of  the  tentacles.  They  form  the  retractors  of  the 
anterior  part  of  the  body  (pariete- vaginal  mascles). 

The  Vermes  differ  considerably  from  one  another  iu  the  structure 
of  the  form -elements  of  their  muscular  system.  The  muscular 
fibres  are  more  or  less  elongated  stractureSj  which  as  a  rule  are  the 
product  of  a  single  cell,  even  where  they  are  very  long,  as  may  be 
inferred  from  the  presence  of  a  single  nucleus.  The  lower  forms  of 
the  Platyhelnrinthes  have  pale  fibres  often  difficult  to  makeout^  which 
may  bo  brauched,  Iu  the  higher  Platyhelminthes  they  form  tubes, 
the  contractile  substance  forming  a  hollow  cylinder,  which  contains 
indifferent  protoplasm  and  the  nucleus.  The  contractile  portion 
of  the  fibres  sometimes  presents  a  fibrillar  striation.  This  is  seen  in 
the  Hirudinea,  Acanthocephalij  and  Gephyrea,  In  the  last  two  of 
these  divisions  the  fibres  of  each  layer  form  a  network. 

Among  the  Kemathehuiubhes  the  simplest  condition  is  seen  in 
Gordius,  The  muscular  fibres  are  broad  thin  bands,  with  their 
surfaces  applied  to  one  another.  In  others^  special  differentiations 
jf  the  fibres  may  be  seen  forming  rhomboidal  plates,  wliich 
l^re  frequently  continued  into  elongated  fibres.  The  contractile 
substance  is  fibrillated  and  striated,  and  lies  on  the  outer  side  of  the 
fibres,  while  the  portion  of  the  fibre  directed  towards  the  coelom  is 
formed  of  protoplasm,  which  remains  indifferent,  and  encloses  a 
nucleus.  With  this  are  allied  the  special  metamorphoses  of  the 
fibres  into  canalicular,  or  flattened  cylindrical  forms.  Each  fibre 
has  a  very  deep  groove  j  this  it  either  retains  for'  its  whole  length, 
or  it  becomes  cyhndrical  towards  its  ends  ;  its  open  part  being  always 
directed  towards  the  body-cavity.  The  walls  consist  of  contractile 
substance,  broken  up  into  fibrilla?.  Protoplasm  fills  the  small  space 
of  the  groove,  and  a  delicate  membmne  is  produced  fi-om  the  edges 
into  a  pouch-shaped  organ,  ^vhich  projects  from  each  muscular  fibre 
into  the  body-cavity,  the  greater  part  of  which  is  filled  up  by  these 
pouch-like  appendages  of  the  muscular  fibres  (Ascaris  lum- 
bricoides,  Fig.  61,  A).  From  the  pouches,  oblique  fibres  ran  to  the 
median  lines ;  they  often  have  a  fibrillar  character,  and  have  been 
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regarcletl  as  nerves*  In  some  parts  they  exist  as  distinctly  mnscalar 
iibrillae.  If  the  pouch  is  not  tlevolopedj  these  fibres  are  attached  to 
processes  of  the  muscular  fibres,  which  often  become  converted  into 
tubes  flattened  at  the  sides.  Both  these  conditions  are  found  not 
only  in  the  same  genera,  but  even  in  the  same  individinil,  where  they 
gradually  pass  into  one  another.  In  the  las t-mc^n tinned  form  of  the 
musele-cells,  a  large  number  of  fibres  are  generally  placed  closely  side 
by  side  in  the  mnscle-tube.  The  muscular  fibres  of  the  Chietoguathi 
ore  distinctly  striated  transversely ;  there  are  traces  of  such  striatiou 
in  many  other  Vermes, 


Nenrous  System. 

§  115. 

Tlie  close  relation  betwetm  the  nervous  system  and  the  general 
organisation  is  shown  by  the  general  ammgenient  of  this  system. 
The  centres  and  peripheral  parts  are  simple  when  the  body  is  not 
divided  into  metanieres  ;  while,  when  the  body  is  segmented,  meta^ 
merism  is  cxliil>ited  with  the  greatest  regularity  in  the  central  organs 
of  the  nervous  systum,  in  alJ  worms  the  most  important  central 
organs  of  the  nervous  system  are  placed  in  the 
anterior  part  of  the  body,  and  generally  near  the 
commencement  of  the  alimentary  canal,  A  de- 
velopment of  the  nervous  tissue  from  the  ecto- 
derm has  been  made  out  in  several  divisions  at 
least.  The  central  organ  above  the  fore- 
gut  IS  the  most  primitive  portion  of  the 
nervous  system,  whatever  modifications 
it  may  pros  cut.  When  a  head  is  separated 
off  it  lies  in  it,  and  always  innervates  the 
sensory  organs  that  are  developed  in  the 
head;  it  varies  in  the  degree  of  its  de- 
velopment with  these  organs.  Nerve - 
trunks,  radiating  thence  to  the  periphery 
of  the  body,  appear  in  various  degrees  of 
olaboratioDj  in  proportion  to  the  extent 
of  the  area  of  their  distribution.  Two 
different  conditions  may  be  developed  from  this 
arniDgement.  The  first  consists  in  the  ventral 
connection  of  the  superior  central  organs.  This 
gives  rivse  to  an  any  opha  goal  nerve -ring.  The 
second  is  distinguished  by  the  development  of  two 
longitudinal  trunks,  which  approach  one  another 
on  the  ventral  surface,  and  have  central  elements  placed  in  them. 

The  primitive  form  of  the  nervous  system  is  retained  in  most 
of  the  Platyhelminthes,  since  they  possess  two  large  ganglionic 
masses,  connected  by  a  transverse  commissure  in  the  anterior  region 
of  the  body.     These  "  cerebral  ganglia  "  (Fig.  62,  fj),  with  the  two 
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longitudinal  nervo-trunts  (n)  whicli  pass  oat  from  tteiHj  form  the 
principal  portion  of  the  nervous  system  ;  from  it  finer  branches  pass 
off  to  the  eensory  organs  of  the  integument  {n  ),  to  the  dermo- 
muscular  tube,  and  to  the  internal  organs.  The  longitudinal  trunks 
pass  along  the  lateral  edges  of  the  body,  and  are  placed  closer 
together^  or  are  more  widely  separated  from  one  another,  according 
to  the  breadth  of  the  body*  In  the  dendroca^loua  Turbellaria,  as  well 
as  in  many  Treniatoda^  these  lateral  longitudinal  trunks  are  only 
slightly  developed  J  so  that  it  is  difficult  to  separate  them  from  the 
other  nerves,  which  arise  from  the  cerebral  ganglia,  although  they 
are  not  nnfrequently  distingnished  from  the  other  nerves  by  their 
larger  size. 

The  Rotatoria  come  nearest  to  the  Platyhelminthes.  The  central 
organ  is  a  gangliouic  mass  lying  on,  but  never  surrounding,  the 
CESophagus,  In  some  it  is  distinctly  separated  into  two  lateral 
halves.  The  peripheral  nerves  arise  from  this  cerebrum ;  and  as 
they  are  not  collected  into  longitudinal  trunks,  the  simplest  form, 
which  is  most  like  to  that  of  the  Tnrbellaria,  obtains  in  this  group. 

The  nei-vous  system  of  Pedicellina  appears  to  he  of  this  low  grade, 
for  it  is  placed  on  the  stomach,  and  does  not  form  an  oesophageal 
ring.  It  is  not  quite  certain  whether  or  no  the  ganglionic  masses^ 
w^hich  lie  on  the  oesophagus  in  Echiuoderes,  are  separated  from  ono 
another.  If  there  is  a  dorsal  commissuro  the  arrangement  would 
bo  similar  to  that  in  the  lower  Platyhelminthes* 

The  nervous  system  of  the  Bryozoa  is  more  highly  developed ; 
its  single  central  mass  is  a  simple  ganglionic  swelling,  lying  between 
the  raoutli  and  anus,  and  sending  out,  in  addition  to  largo  branches 
fur  tho  tentacles,  two  nerves  which  form  a  ring  around  the  com- 
mencement of  tho  oDsophagus*  Where  the  nervous  system  is  most 
exactly  known,  as  in  Alcyonella,  there  is  no  doubt  about  tho 
CBSophageal  ring.  From  tho  lateral  part  of  the  central  nerve-mass 
a  lobato  process  goes  to  the  lophophorei  and,  like  the  rest  of  tho 
oesophageal  ring,  gives  off  nerves  to  tho  tentacles. 

In  addition  to  this  nervous  system  in  each  individual,  a  colonial 
nervous  system  has  been  recognised  in  the  stock,  but  it  is  not 
quite  certain  that  this  system  does  exist. 
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§  116. 

The  iiei*vous  sygtoiu  of  the  Nemathelminthes  appc^ars  to  he  ar- 
ranged iu  a  special  manner,  so  far  as  the  facts  about  it  are  agreed 
npon.  It  consists  of  a  central  organ  placed  on  the  oesophagus^  and 
surrounding  it  as  a  ring,  from  which  nerves  radiate  forwards,  as  well 
as  backwards.  This  distribution  of  tho  nerves  corresponds  to  the 
arrangement  of  tho  ganghonic  cells  of  the  oesophageal  ring.  The 
nerves  which  run  forward  from  it  may  Ije  separated  into  six  fibix)us 
bundles.  Two  run  in  tho  middle  of  the  lateral  tracts,  ami  four  in 
the  direction  of  the  secondary  median  hues.  Ganglionic  cells  lie 
both  oil  their  origin  and  their  course.    The  nerves  w^hich  pans  back- 
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wards  coosist  of  a  dorsal  and  a  ventrnl  tnmkj  wliich  pass  along  the 
corresponding  median  line.^.  In  addition  to  these,  two  chords  arise 
from  the  ventral  portion  of  the  oosophageal  ring,  and^  converging 
posteriorly,  unite  to  fuim  a  mass  of  ganglionic  cells  (G,  cephali- 
cum).     The  median  nerves  run  along  the  whole  length  of  the  body. 

I  Both  send  fibres  into  the  matrix  of  the  integument.  It  is  clear  that 
this  arrangement  is  a  modification,  speaking  generally,  of  the  simple 
conditions  of  the  nervous  system  of  other  Vermes;  but  it  is  so 
peculiar  that  any  special  comparison  is  altogether  impossible. 

The  same  holds  fur  the  nervous  Rystem  of  the  Acanthocephali, 

^A  small  "  ganglion  ^'  ]*laced  at  the  base  of  the  sheath  of  the  pro- 

cis  gives  oft  branches  an- 
teriorly as  well  as  posteriorly. 
Its  relation  to  the  dorsal  cen- 
tral organ  of  other  Vermes  is 
obscure,  as  it  is  placed  between 
the  bundles  of  the  ventral  re- 
tractors of  the  sheath  of  the 
proboscis. 

§  117. 

In  the  second  form  of  the 
nervous  system  two  longitu- 
dinal trunks  are  ]H*cdominant  j 
these  arise  from  the  cerebral 
ganglia,  and  pass  backwards. 
This  arrangement  is  first  seen 
in  the  Nomertina,  and  is  di- 
rectly related  to  what  obtains 
in  the  Turbellaria,  in  which 
there  are  often  two  greatly 
developed  longitudinal  nerves 
passing  backwards.  The  size 
of  these  two  peripheral  longi- 
tudinal trunks  is  dependent 
on  the  length  of  the  body. 
As  there  are  ganglionic  cells 
in  them,  they  are  not  exclu- 
sively peripheral  organs.  The 
cerebrum,  too,  iu  the  Nemer- 
tina  is  more  largely  developed, 
for  several  large  segments  can 
be  matle  out  in  each  of  the 
two  ganglia.  The  commis- 
Bure  between  the  two  halves 
is  traversed  by  the  organ 
which  we  have  already  de- 
scribed above  as  the  proboscis.  Although  in  most  of  them  the 
longitudinal  trunks  (Fig.  Ciil^  it)  run  exactly  along  the  hrteral  edge  of 


Fig.  63.  Head  of  a  Komertmo  {Omina- 
toplea  alba).  g  Central  ncrrouB  BysCcm. 
n  Late  nil  truiikfl»  o  Eye-spot,  p  p '  p'  Pro- 
bt>8ciB»  }f^  Its  Bhcath.  i  Enteron.  e  l^ateral 
organ-  d  Dorsnl  msuular  trunk,  I  Lateral 
raficular  tnuik  (after  Cariiu  M'lntosh). 
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the  body  (embedded  witliiu  the  muscular  layers),  in  others  ((Erstedia) 
they  approach  oiio  another  veutrally,  and  are  diatinguished  by  swell- 
ings at  the  points  where  nerve -bran  dies  are  given  off.  This  is  an 
anticipation  of  the  future  development  of  ventral  ganglia, 
the  elements  of  which  are  already  present  in  the  longitudinal  trunks. 
The  ventral  nppruxiraation  of  the  h^ngitiidinal  trunks  shows  us 
how  the  central  system  got  its  ventral  position,  which  becomes 
further  developed  by  the  formation  of  ganglia.  But  the  ventral 
approximation  of  tlie  longitudinal  trunks^  hy  Burrounding  the  cbso- 
phagus,  leads  to  the  formation  of  an  oesophageal  nerve-ring, 
when  the  ventral  longitudinal  trunks  meet.  It  ia  an  open  question 
whether  the  cesophageal  ring  of  the  Bryozoa,  and  of  the  Nemathel- 
miuthes  arose  in  such  a  way  as  this,  and  we  would  only  jast  remark 
that  even  if  they  had  a  similar  origin  it  does  not  follow  that  there 
is  any  connection  between  them  and  the  oesophageal  nerve-ring  of 
other  worms.  For  in  the  Nemortina  we  seo  that  the  origin  of  this 
arrangement  is  duo  to  the  two  periplieral  longitudinal  tiimks,  which 
are  not  present  in  the  other  case. 

In  the  Nemertiua  the  (jcsophageal  ring  is  not  closed;  in  the 
Annulata  it  is  closed  liy  transverse  connections  between  tlio  primi- 
tive longitudinal  trunks.  These  have  gained  a  central  significa- 
tion, owing  to  the  largo  number  of  ganghon  cells  in  them  ;  the 
longitudinal  trunks  now  appear  to  commence  as  commissures, 
which  connect  the  primitive  dorsal  ner^^e-ceutre  (cerebrum)  above 
the  oesophagi] s  with  the  ventral  one,  which  is  formed  from  the 
lougittidinal  trunks. 

§  118. 

The  cerebral  ganglionic  mass  is  not  always  present  in  the 
Gephyrea.  It  is  well  marked  in  Sipunculus  and  S  tenuis  pis,  and  in 
the  former  it  is  divided  into  two  parts.  In  Bonellia  and  Priapulus, 
however,  only  fibrous  elements  surround  the  oesophagus,  so  that  in 
comparison  with  the  otlier  two  a  change  has  occujTed,  in  which  tho 
central  elements  must  be  supposed  to  have  become  degcoerated,  or 
to  have  taken  on  a  ventral  position.  The  consequent  arrangement 
corresponds  to  a  great  development  of  the  commissure,  which 
was  formerly  present  between  the  two  halves  of  the  superior  ganglia. 
Instead  of  the  two  ventral  longitudinal  trunks  there  is  a  single 
nerve-chord,  in  which  the  fusion  of  two  truuks  is  only  a  matter  of 
inference.  This  ventral  chord  generally  lies  within  the  coelom,  but 
in  some  it  is  placed  outside  the  muscular  layer,  just  below  the 
integument  (Priapulus). 

As  a  rule,  there  are  no  collections  of  ganglion  cells  into  special 
Bwellings,  or  expressions  of  metamerism  ;  it  is  only  in  Echiurusthat 
they  are  present,  and  in  it  they  are  but  feebly  developed;  in  other 
cases  (Sipunculus,  Stemaspis)  thero  is  a  terminal  thickening,  of  the 
chord  which  gives  off  fine  filaments. 

The  ventral  chord  gives  off  Itlamejits  on  either  side,  which  are 
frequently  irregular  in   origin;    they   are   the  peripheral   nerves. 
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Similar   nerves   are   given   off    from  the   oesophageal   ring   to  the 
alimentary  canal. 

Tho  concrescence  of  two  separate  stractnres  in  the  ventral  chord 
of  the  Gephyrea  is  the  reverse  of  the  permanent  separation  of  the 
two  halves  of  tho  ventral  chordj  which  obtains  in  other  divisions  of 
the  Annukita.  It  would  not,  howoverj  be  safe  to  regard  these  stages 
as  lower  ones,  nntil  observation  shall  have  shown,  which  it  has  not  done 
yet,  whether  or  no  they  are  preceded  by  an  earlier  stage,  like  that 
in  tho  Gephyrea,  The  connection  of  two  separate  vent  ml  chords  by 
means  of  transverse  commissures  would  be  more  easily  explicable  if 
the  ventral  chord  were  previously  single. 

The  nervous  system  of  Sagitta  has  a  peculiar  character.  Lateral 
commissures  from  tho  cerebral  ganglion  in  the  liead^  pass  backwards 
and  downwards  to  the  ventral  surface  of  tho  body,  and  pass  into  a 
large  ventral  ganglion,  which  lies  just  below  the 
integnracnt,  and  gives  off  peripheral  nerves  to  all  <*^v  "v^^ 

sides. 

§  119. 

A  higher  grade  of  differentiation  is  seen  in  the 
nervous  system  of  the  Hirudinea  and  Annelides. 
The  cerebral  ganglia  are  connected  by  commissures 
with  a  ventral  chord j  and  so  far  these  groups  re- 
semble the  Gephyrea.  In  many  Annelids  the  two 
halves  uf  the  ventral  chord  are  homogeneous,  and 
only  indicate  their  metaracric  character  by  giving 
off  nerves.  In  most,  however,  there  arc  central- 
form-elements  regularly  distributed  along  it.  The 
ventral  chord  then  appears  to  bo  broken  up  into 
separate  ganglia,  which  are  connected  with  one 
another  by  longitudinal  coiniuiasures.  Each  gan- 
glion, again,  is  broken  up  more  or  less  regularly 
into  two  halves,  which  are  connected  together  by 
transverse  commissures.  The  two  ventral  chords 
then  form  a  chain  of  ventral  ganglia  (Fig.  6 1), 
In  many  Hirudin ea  tho  longitudinal  chords  of  the 
ventral  medulla  are,  during  tlie  early  stages,  sepa- 
rated from  one  another*  Later  on  they  are  placed 
very  close  to  one  another,  and  almost  seem  to  bo 
a  single  chord.  In  this  case,  therefore,  the  separa- 
tion of  the  chords  must  bo  regarded  as  the  more 
primitive  condition.  The  longitudinal  chords  are 
still  closer  in  the  Scrilcina,  and  in  the  Nereida^, 
Amphiuomida3,  aiul  Ennicea3  among  the  Cbieto- 
poda ;  but  in  all  thcso  cases  there  is  not  a  real  fusion,  but  only 
a  close  approximation,  which  appears  to  be  still  closer  on  account 
of  the  connective  tissue  investing  the  two  nerve-chords. 

In  tho  tubicolous  Annelids  the  ganglia- bearing  longitudinal 
trunks  are  separate ;  in  tho  SerpuUdiB  especially,  tho  lateral  portions 


Fij?.  64.  Anterior 
portion  of  the  ner- 
vous flyitem  of 
Capitella  oapi- 
latn.  J7  Cerebral 
ganglion,  o  Optio 
ncrvca.  c  tKaophft- 
f^eal  com  niiaa  Eire. 
h  YoutraL  chord, 
with  two  ganglia, 
n  Norvefi  paa^Dg  ott 
from  them  (after 
Clapai^de). 
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of  the  ganglionic  chain  aro  widely  Bepamted  frum  each  other  an- 
teriorly. In  the  Sahollidi^  and  Hermellidai  the  chords  ai-o  closor 
together,  and  indeed  in  tlio  anterior  poi-tion  of  the  ventral  nerve- 
chord  the  tmnsverse  commissures  are  much  shorter  than  in  the 
posterior.  Finalljj  the  TerebeUidas  close  the  series,  for  in  them  the 
transverse  commissures  hetweeu  the  ganglia  are  distinct  in  the 
posterior  portion  only,  while  in  the  anterior  portion  the  ganglia  of 
either  side  are  completely  fused. 

With  regard  to  the  ganglia,  the  pLffoctioii  ami  greater  develop- 
ment of  the  cerebral  ganglia  in  Hirudinea  and  Annelides  must  be 
mentioned  as  contrasting  with  the  lower  Vermes.  The  two  halves 
are  very  seldom  united  into  a  single  mass;  in  EnchytrjeuSj 
this  condition  appeurs  to  be  due  to  degeneration.  A  breaking-up 
into  distinct  lobate  segments^  of  which  the  Nemcrtina  present  a 
simple  casOj  may  give  rise  to  a  great  diversity  in  form.  The  lobes 
frequently  have  the  form  of  rounded  projections,  at  times  almost 
pedunculated.  The  cerebral  ganglia  are  then  complexes  of  smaller 
ganglia* 

In  the  ganglia  of  the  ventral  chord  also,  remarkable  differen- 
tiations may  arise,  partly  from  an  increase  in  size,  and  partly  from 
concrescence.  In  the  Hiradinea,  the  first  ganglion  is  generally  very 
large,  and  always  larger  than  the  rest^  it  corresponds  to  a  largo 
number  of  separate  ganglia  united  with  one  another,  as  may  be  seen 
from  the  segments  which  compose  it,  as  w^ell  as  from  the  nerve- 
branches  which  arise  from  it.  A  similar  condition  is  found  at 
the  end  of  the  ventral  chord,  where  the  larger  ganglion  present, 
and  innei'vating  the  sucker,  is  produced  by  the  concrescence  of 
several  primitive  ganglia  (seven  in  Clepsiiie),  which  coiTesponds 
to  as  many  metameres  as  form  the  sucker.  This  pha^noinenon  of  the 
approximation  (by  shortening  of  the  longitudinal  commissui*es)  of 
separate  ganglia  obtains  also  in  the  Scoleina,  hut  here  the  inde- 
pendence of  the  parts  is  often  clearly  recognisable,  owing  to  the 
presence  of  separate  transverse  commissures.  The  HermeUidte 
among  the  Chietopoda  are  an  example  of  this,  for  in  them  the  first 
seven  ganglia  on  each  side  are  in  du-ect  contact  with  one  another. 
The  length  of  the  commissures,  as  well  as  the  number  of  ganglia,  is 
directly  connected  with  metamerism.  In  the  Lumbricidte  with 
small  rings  they  are  very  close  together,  so  tliat  the  whole  ventral 
chord  presents  a  compact  series  of  swellings  and  constrictions.  The 
gaDgha  in  Clynjcne  and  Cin-atulus  are  still  closer  together. 

Owing  to  this  close  association  of  the  galiglionic  structures  of 
the  ventral  chord,  it  has  been  supposed  to  be  aiialogous  to  the  spinal 
chord  of  the  Vertebrata.  And  the  ventral  ganglionic  chain  has  there- 
fore been  called  the  '^  ventral  medulla.^'  Although  wo  may  allow 
the  analogy,  there  is  no  reason  at  all  for  supposing  that  there  is  any 
homology*  Position,  development,  and  strncturo  forbid  such  a 
supposition.  As  to  structure,  let  it  be  here  noted  that  the  ganglion 
cells  in  the  ventral  chord  are  in  the  periphery  of  the  ganglia, 
while  the  inner  part  is  essentially  occupied  by  fibrous  bands. 
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^  §  120. 

The  cerobral  ganglia  give  off,  cbiefly,  the  nerves  of  the  higher 
senses  J  aud  are  developed  in  different  degrees,  according  to  the 
perfection  of  theao  latter.  The  tentacidar  nerves,  and  those  of  the 
orgaos  of  sights  deserve  to  be  particularly  noticed  (Fig.  61,  o). 

The  nerves  which  rise  from  the  ventral  chain  go  off,  aa  a  rule, 
from  the  ganglionic  swellings ;  in  many  diTisionSj  indeed,  there  is 
an  apparent  origin  from  the  longitudinal  conimissm'es,  but  the 
nerve  may  then  be  always  referred  to  the  nearest  anterior  gangliou. 
This  happens  in  the  Scoleina,  in  the  8ipbonustomre,  in  Aphro- 
dite, as  well  as  in  the  Nereidre,  and  others.  Very  often  the 
hiteral  branches  of  the  ventral  medulla  form  small  ganglia,  which 
are  generally  placed  at  the  base  of  the  pampodia,  and  from 
which  finer  nerve-twigs  take  their  origin  (e.g.  in  the  Nereidm), 
These  ganglia  are  often  connected  together  by  longitudinal  com- 
missures, and  thus  there  arises  a  separate  part  of  the  nervous  system 
which  h  co-ordinated  with  the  ventnil  nerve-cliord  (Pleione). 

The  visceral  nerves  arc  differentiated  in  the  same  way.  In 
the  lower  divisions  of  the  Vermes  neiTCS  pass  from  the  superior 
single  ganglion  to  the  al imcm tar j  canal.  This  has  been  observed 
in  the  Turbellaria  as  well  as  in  the  Trematoda.  In  the  Annelides 
not  only  are  these  nerves  more  developed,  but  they  become  in- 
dependent to  a  certain  degree,  omng  to  the  deposition  of  ganglia 
in  them.  Wo  divide  the  apparatus,  which  has  in  this  way  becomo 
a  special  system  of  visceral  nerves,  into  an  anterior  and  a  posterior 
portion.  The  former  is  distributed  over  the  oral  region,  and  is 
specially  developed  in  the  Chtetopoda  which  arc  provided  with  a 
protractile  proboscis  (Phyllodoce,  Glycera,.  etc.).  The  posterior 
portion,  which  is  less  developed,  passes  on  to  the  enteric  tube. 
In  the  Hirudinea  there  is  an  azygos  enteric  nerve ;  in  the  Lurahri- 
cida3anerve  is  continued  from  the  oesophageal  commissure,  on  either 
side,  to  the  ganglia  placed  on  the  enteron;  these  ganglia  have  been 
observed  to  vary  in  number.  These  two  portions  of  the  visceral 
nervous  system,  notwithstanding  their  distribution  in  parts  which 
are  physiologically  connected,  must  bo  kept  apart,  for  the  anterior 
portion  is  distributed  in  parts,  which  are  movable  at  will,  while  the 
latter  alone  correspond  to  a  true  enteric  nervous  system,  and  in 
view  of  their  physiological  relation  can  be  called  a  sympathetic 
nervous  system, 

Leydio,  Ueber  cL  Net  venBjstein  <3er  Amielideo,  Arcb.  t  Anat.  Ph.  1862, 
Hkbmann,  EVi  Des  Central uervensjatetn  von  Hirudo  mediciimliti.     Municli,  1876, 

§  121. 

The  nervous  systeni  in  the  Solenoga^stres  differs  in  several 
points  from  the  forms  which  have  been  already  mentioned  as  ob- 
taining in  the  Vermes.     The  cerebral  ganglion,  which  in  ChEetodemia 
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• 

is  composed  of  four  lobes,  gives  off  four  norye-tnmks,  which 
pass  backwards.  Two  of  them  have  a  central,  and  two  a  lateral 
coarse.  They  unite  in  a  ganglion  near  the  end  of  the  body.  In 
Neomenia  there  is  a  considerable  complication.  The  cerebrum  gives 
oS  a  commissure,  which  surrounds  the  oesophagus,  and  of  these  also 
a  commissural  chord  on  either  side,  each  of  which  passes  to  a  ganglion 
at  the  side  of  the  oesophagus ;  from  each  ganglia  a  lateral  nerve-trunk 
is  given  off.  The  lateral  nerves  unite  in  a  terminal  ganglion 
(branchial  ganglion).  A  commissure  passes  from  each  of  the 
lateral  ganglia  to  a  ventral  ganglion,  which  gives  off  a  ventral  nerve- 
trunk,  which  is  connected  with  its  fellow  of  the  opposite  side  by  a 
number  of  transverse  commissures.  If  the  lateral  and  inferior  pair  of 
ganglia  be  regarded  as  parts  separated  off  from  the  cerebrum,  this 
form  would  be  seen  to  approximate  very  closely  to  Chastoderma, 
and  the  only  difference  would  lie  in  the  oesophageal  commissure, 
in  the  transverse  commissures  of  the  ventral  trunks,  and  in  the 
exclusion  of  the  latter  from  any  share  in  the  terminal  ganglion. 
In  any  case  wo  have  in  Neomenia  a  further  development  of  the 
simple  characters  of  Chaetoderma.  This  is  not  the  plcbce  to  indicate 
further  points  of  comparison,  for  as  yet  we  are  only  beginning  to 
obtain  any  exact  knowledge  as  to  the  structure  of  these  animals. 


Sensory  Organs. 

Tactile  Organs. 
§  122. 

The  sensory  organs  of  the  Vermes  are  of  a  high  grade  of 
differentiation.  The  organs  of  tactile  sensation  appear  in 
the  form  of  fine  modifications  in  the  structure  of  the  integument 
with  which  the  peripheral  nervous  system  enters  into  connection.  Of 
this  kind  are  the  true  tactile  organs,  while  the  coarser  arrangements, 
such  as  the  processes  of  the  integument,  are  only  bearers  of  them. 
The  essential  part  of  these  organs  consists  in  the  connection  between 
the  sensitive  nerve-fibres  and  the  modified  cells  of  the  integument ; 
these  oells,  as  a  rule,  project  beyond  the  surface  of  the  integument, 
as  stiff  setiform  processes  (tactile  setao,  or  rods).  These  arrange- 
ments are  most  exactly  known  in  the  Rotatoria  and  Annelida,  but 
they  have  been  recognised  in  other  divisions. 

Tactile  setae  are  widely  distributed  among  the  Turbellaria  and 
Nemertina,  where  they  are  sometimes  found  over  the  whole  body, 
and  sometimes  are  richly  developed  on  the  head.  They  are  found  on 
the  tentacles  of  the  Bryozoa;  and  are  widely  distributed  on  the 
cephalic  segment  in  the  Lumbricidae,  and  in  the  Chaatopoda.  They 
appear  in  the  Ghaetopoda  on  the  true  tentacles  and  antennas,  as  also 
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on  those  appendages  of  the  parapodia,  which  are  known  as  cirri, 
as  well  as  on  the  structures  which  are  formed  from  modifications 
of  these  cirri  (cf.  §  106).  The  appendages  just  mentioned  are  pro- 
vided with  a  large  number  of  end-organs  of  sensitive  nerves,  and 
thus  become  complicated  tactile  organs,  which  are  of  a  somewhat 
high  grade,  on  account  of  their  power  of  movement. 

A  special  complication  of  the  tactile  rods  obtains  in  some  Hiru- 
dinea,  where  groups  of  these  structures  are  embedded  in  the  base  of 
cup- shaped  organs.  There  is  a  large  number  of  such  organs  in 
the  head,  and  they  are  scattered  over  the  hinder  rings  of  the  body. 
The  arrangement  of  the  sensory  parts  in  depressions  of  the  surface 
of  the  body  justifies  us  in  supposing  that  we  have  here  to  do,  not  with 
a  special  tactile  organ,  but  with  a  sensory  organ  of  general  character. 

The  tactile  papillae  are  less  differentiated  than  the  tactile  rods 
or  setaD.  They  are  developed  in  places  where  the  body  is  covered  by 
a  stronger  cuticular  layer,  and  are  conical  or  wart-shaped  elevations 
of  the  cuticular  layer,  which  are' traversed  by  a  pore-canal.  We 
find  these  tactile  papillae  in  the  Nematodes,  where  they  are  grouped 
in  a  regular  manner,  some  near  the  oral,  and  some  round  the  genital 
orifice. 

§  123. 

Very  little  is  certainly  known  as  to  their  function,  but  organs 
which  may  be  regarded  as  sensory  are  formed  by  parts  of  the  body 
which  either  carry  cilia,  or  have  their  epithelium  distinguished  by 
some  other  peculiarity;  such  are  the  cephalic  pits  of  many 
Nemertina,  and  the  similar  parts  in  Polygordius.  The  clefts  at 
the  side  of  the  head  lead  into  a  narrow  ciliated  canal,  which  is  con- 
nected, either  directly  or  by  means  of  a  fibrous  chord,  with  the 
cerebral  ganglion.  Perhaps  the  apparatus  presented  by  the  pro- 
boscis of  Balanoglossus  may  be  regarded  as  an  organ  of  this  kind. 
It  is  uncertain  whether  these  organs  serve  for  the  perception  of  the 
conditions  of  the  surrounding  medium,  and  possess  a  function 
analogous  to  that  of  olfactory  organs. 


Visual   Organs. 

§  124. 

The  visual  organs  of  the  Vermes  offer  numerous  examples  of 
the  gradual  evolution  of  an  organ  from  an  indifferent  condition.  In 
many  of  the  lower  Vermes,  Turbellaria,  Trematoda,  Nemertina,  and 
Rotatoria  we  often  find,  at  the  place  where  other  forms  have  dis- 
tinctly developed  eyes,  pigment -spots  only,  which  are  arranged 
symmetrically,  and  either  placed  directly  on  the  brain,  or  close  to 
it.  Nothing  is  known  as  to  the  mode  of  termination  of  nerves  in 
these  organs,  so  that  it  is  uncertain  whether  such  ''eye-spots'^ 
should  be  regarded  as  organs  for  the  perception  of  light. 
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We  can  be  more  certain  abont  function  when  the  pigment-spot  is 
merely  a  covering  for  the  special  end-organs  of  the  sensitve  nerve. 
These  end-organs  have  the  form  of  speciallj  modified  cells^  which 
traverse  the  pigment  either  singly  or  in  groups ;  judging  from  what 
obtains  in  cases  where  the  optic  organs  are  more  exactly  known^  we 
may  confidently  say  that  these  structures  are  in  direct  connection 
with  nerves.  They  are  the  so-called  crystalline  rods,  or  crys- 
tallino  cones. 

Eyes  of  this  kind  are  common  enough  in  the  Turbellaria,  among 
the  Platyhelminthes  (species  of  Mesostomum  and  Vortex);  they 
are  as  a  rule  found  in  pairs  on  the  upper  surface  of  the  head. 
Many  marine  Planaria  have  a  larger  number  of  regularly-ar- 
ranged, well-defined,  pigment-spots  on  this  part,  some  of  which 
surround  a  crystalline  body.  These  eyes  frequently  appear  in  the 
early  stages  of  the  embryo  as  pigment -spots;  tlus  is  also  their 
condition  in  many  Trematode  larvae,  although,  in  many,  distinct 
crystalline  bodies  may  also  be  made  out  (Amphistoma  subclavatum, 
Monostomum  mutabile).  In  the  entoparasitic  forms  of  this  division 
the  visual  organs  disappear,  while  they  are  persistent  in  many  of 
the  ectoparasitic  forms  (Dactylogyrus).  They  are  also  persistent 
in  Polystomum.  They  are  absent  in  all  stages  of  the  Cestoda, 
unless,  indeed,  we  are  to  regard  the  red  pigment-spots,  which  in 
some  lie  behind  the  suckers,  as  rudiments  of  such  organs. 

In  the  Ncraertina,  where  eye-spots  are  frequently  present,  true 
eyes  have  been  observed  in  but  few  cases  (Polia  coronata,  Nemertes 
antonina).  Eye-spots  and  true  eyes  of  simple  form  are  found  on 
their  oesophageal  ring,  in  the  free  living  Nematodes  (Enoplus),  while 
they  are  absent  in  nearly  all  the  parasitic  forms ;  here,  therefore, 
degeneration  of  sensory  organs  goes  hand  in  hand  with  parasitic 
habit. 

The  visual  organs  in  the  Rotatoria  are  placed  immediately  on  the 
cerebrum.  There  is  one  crystalline  rod  to  each  of  two  connected 
pigment-spots;  or  there  is  only  a  single  visual  organ  with  one 
crystalline  rod.     Others  have  a  pigment-spot  and  nothing  else. 

The  complex  pair  of  eyes  in  Sagitta  is  distinguished  by  a  largo 
number  of  radially-arranged  crystalline  cones,  and  with  these  are 
found  characters  which  remind  us  of  what  obtains  in  the  Annulata. 

§  125. 

Among  the  Annulata  the  optic  organs  of  the  Hirudinea  occupy 
the  lowest  position.  The  eyes,  which  are  present  in  many,  lie,  as  in 
the  Platyhelminthes,  on  the  surface  of  the  cephalic  portion  of  the 
body,  and  are,  as  in  them,  generally  arranged  symmetrically  and  in 
large  numbers.  In  their  structure  they  agree  in  so  remarkable  a 
manner  with  the  cup -shaped  structures  mentioned  in  speaking  of  the 
tactile  organs,  that  in  them  a  condition  appears  to  exist,  in  which 
a  specific  sensory  organ  is  evolved  from  the  indifferent 
organs  of  sensation,  which  are  found  in  the  integument. 
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Fig.  65*  Head  and 
most  anterior  Bognieut  a 
of  a  Myrianidft* 
a  Eyes*  h  Tontaclos. 
c  Un paired  coplialie 
tentacle,     d  Cirri. 


Among  the  Aouelides  wo  find  the  oyea  of  the  Chtetopoda  gene- 
nxliy  hidden  beneath  tho  hi  teg  u  men  t,  and  placed  on  the  cerebral 
ganglion  in  one  or  two  pairs  :  a  single  eye  ia 
seldom  present.  Generally  one  pair  is  consider- 
ably developed,  and  the  second  often  reduced 
to  a  pigment-spot.  Where  these  visual  organs 
are  specially  developed  they  stand  out  on  the 
jsurface  of  the  into^iiment  (Syllidtc,  No  re  id  a\ 
Fig.  65,  a) ;  and  may  attain  to  a  highly  compli- 
cated structure.  This  is  the  case  in  the  Alciopie, 
the  pelagic  mode  of  life  in  which  is  in  coo- 
nection  with  the  high  grade  of  developmenfc  of 
this  sensory  organ.  This  intluence  of  the  mode 
of  life  is  also  seen  in  their  nearest  allies,  the 
Phyllodoceidie,  which  live  at  tho  bottom  of  the 
sea»  and  have  rudimentary  or  very  simple  eyes. 
The  spherical  bulb  (Fig,  GO)  presents  thisj  the 
highest  degree  of  development  in  tho  Alciopidie 
only*  The  integument  (c)  covers  the  anterior,  strongly- curved  seg- 
ment, immediately  behind  which  there  is  a  spherical  lens  (/).  The 
hinder  segmentj  the  innermost  layer  of  which  forms  the  layer  of 
rods  (h),  surrounds  a  homogeneoiLs  vitreous  body  (/i),  A  layer  of 
pigment  (p)  separates  the  layer  of  rods  from  the  parts  of  the 
retina  which  lie  more  to  the 
exterior;  outside  all  these  is 
the  expansion  of  fibres  of  the 
optic  nerve  (t>').  While  in  the 
simpler  forma  of  eye  the  ter- 
minal organs  of  the  nerve  lie 
in  the  integument,  they  are 
here  pressed  together  into  a 
concave  layer.  Influential  in  the 
development  of  this  arrange- 
ment is  the  multiplication  of 
the  perceptive  elements,  and 
tbe  formation  of  refracting 
media*  Just  as  tlio  eyes  are 
completely  wanting  in  tho  ma- 
jority of  the  Scoleiua  which 
live  in  the  dark,  so  also  these 
organs  undergo  degeneration 
in  the  Tubicola  among  the 
Cha^topoda.  The  eyes  which 
are  present  in  the  larva),  and 
even  in  later  stages,  disappear, 
or  are  represented  by  mere 
pigment-spots,  when  they  enter  upon  the  fixed  mode  of  life. 

The  development  of  vi^iual  organs  on  the  branchial  tufts  of  the 
head  is  an  adaptation  of  another  kind,  wiiich  is    seen  in  certain 


¥ig.  66.  Eyo  of  an  Alciopid  (Neoptianto 
celox)  (after  Greoff).  i  Integ^nment,  cover- 
m^  tho  interior  segment  of  tho  bulb,  c. 
I  Lena,  h  Vitrcoua  body,  o  Optio  nervi?, 
o'  ExpaoFion  of  tlio  optio  nerve,  p  Layer  of 
pigment,     h  Lnjer  of  rods. 
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Sabellidss  (Branchiomma)  j  in  them  the  eyes  are  either  placed 
in  large  numbers  on  the  pinnate  branches  of  the  branchial  filaments^ 
or  at  their  ends  only.  In  other  Annelides  there  is  a  similar  change 
in  position  as  compared  with  the  primitive  one.  In  many  there  are 
eyes  at  the  posterior  end  of  the  body,  as  well  as  on  the  cephalic 
segment ;  and  finally,  in  the  genus  Polyophthalmus  there  is  a  pair  of 
eyes  on  each  metamere,  in  addition  to  those  on  the  head.  We  here 
find  an  arrangement  which  is  not  only  of  importance  as  bearing  on 
the  estimation  of  the  metameres,  but  is  also  a  proof  that  yisoal 
organs  may  be  developed  at  points  which  in  other  forms  only  carry 
sensory  organs  of  a  lower  kind. 


Auditory  Organs. 
§  126. 

We  consider  as  auditory  organs  in  the  Vermes  organs  which,  as 
in  the  Coelonterata,  consist  of  a  vesicular  capsule,  in  which  there  is  a 
firm,  large  concretion,  or  a  number  of  smaller  ones.  The  wall  of  the 
capsule  is  frequently  invested  with  cilia,  as  may  be  seen  from  the 
trembling  movements  of  the  auditory  stones  (otoliths).  The  difficulty 
of  making  out  the  nerve-branches  in  the  lower  Vermes — ^in  which, 
indeed,  these  organs  are  most  largely  distributed — ^has  generally 
caused  the  connection  of  the  auditory  vesicles  with  the  nervous 
system  to  be  missed. 

These  auditory  vesicles  are  generally  unpaired  in  the  Turbellaria, 
in  species  of  Monocelis,  Convoluta,  Rroporus,  Derostomum.  They 
generally  lie  close  to  the  cerebral  ganglia,  and  are  found  as  a  rule  in 
those  genera  which  are  devoid  of  eyes  or  eye-spots.  In  the  Nemer- 
tina  they  have  only  been  observed  in  some  cases  (CErstedia).  In 
the  rest  of  the  Platyhelminthes  these  auditory  vesicles  are  not, 
apparently,  present,  and  they  are  also  wanting  in  the  Nematodes. 

Only  in  the  Aiinelida  do  they  appear  again,  where  they  are 
paired,  and  as  a  rule  placed  at  the  sides  of  the  brain  (Alciopidaa 
Arenicola,  Fabricia,  Amphiglena,  etc.). 


Alimentary  Canal. 

§  127. 

The  alimentary  canal  of  the  Vermes  forms  a  tube,  which  is 
either  embedded  in  the  parenchyma  of  the  body,  or,  when  a  coelom 
is  present,  in  it ;  it  has  a  general  adaptation  to  the  form  of  the 
body.  The  mouth  lies,  as  a  rule,  at  the  anterior  end  of  the  body,  and 
is  always  placed  on  the  ventral  surface.    Where  an  anus  is  present, 
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it  is  placed,  as  a  rule,  at  the  hinder  part  of  the  body,  and  is  some- 
times ventral  and  sometimes  dorsal. 

A  differentiation  of  the  enteric  tube  into  several  functionally 
different  portions  can  always  bo  made  out ;  accessory  organs  for  the 
prehension  of  food  are  also  often  present  at 
the  entrance  into  the  digestive  cavity.  The 
three  portions,  which  are  here  present  for  the 
first  time,  are  distinguished  as  fore-,  mid-, 
and  hind-gat;  the  last  is  absent  when  there 
is  no  anus. 

Tlie  primitive  form  of  enteron  agrees  with 
the  characters  which  are  seen  in  the  Gastrula- 
form  (§  28).  It  makes  its  appearance  in  all  in 
the  embryonic  commencement  of  the  organism 
as  a  caecal  cavity,  with  but  slight  complica- 
tions, which  opens  on  the  surface  at  one  point 
only;  it  persists  in  this  form  in  the  lower 
Vermes.  This  opening  serves  for  the  inges- 
tion of  food,  and  also  for  the  ejection  of  its 
undigested  remains ;  it  is  mouth  and  anus  at 
the  same  time.  This  arrangement  is  very 
common  among  the  Platyh  el  mi  tithes,  being 
the  only  condition  of  the  alimentary  canal 
among  the  Trematoda,  and  the  dominant  ono 
among  the  Turbellaria.  la  the  rhabdoccelous 
Turbcllaria  the  alimentary  canal  is  distinctly 
marked  in  its  anterior  portion  only,  and  has 
the  foi-m  of  a  simple  blind  tube  extending 
through  the  body.  The  simple  month  varies 
in  position;  it  may  be  in  the  anterior  portion  \SBSB^Jf' f^^ 

of  the  body,  or  towards  the  middle  of  the 
ventral  surface,  and  lastly,  even  in  the  pos- 
t-erior  portion;  it  leads  into  a  muscular 
pharynx,  which  is  seldom  absent  (Schizos- 
tomeie),  and  which  is,  in  many  cases,  pro- 
tractile. This  is  the  portion  of  the  alimentary 
tract,  which,  under  many  modifications,  can 
be  most  clearly  traced  in  most  divisions  of  the 
Vermes. 

S  128. 


Fi^.67.  Prorbynclms 
JiuviatiliB.  0  Mouth. 
oe  CGaophagas,  protrac- 
tilo  like  a  proboBcia. 
%  Euteroii.  *jl  Glaiula 
opening  into  the  onteron. 
c  Cilmted  pits.  iB  Spike 
in  tho  organ  above  the 
cesopbagas,  wJiich  ooda 
ciecallj  at  y.  ov  Ovary » 
ia  which  there  Q,ve,  in 
th«  aDterior  parts,  ova 
at  varioufl  stages  of 
develop  metit;. 


Tn  the  dendrocoelons  Turbellaria  the  gnt 
is   adapted   to  the   broad  form  of  the  body. 

The  mouth  h  (Fig*  t>Bj  o)  placed  ventrully,  and  often  near  the 
middle.  The  muscular  pharynx  (p)  is  often  metamorphosed  into 
a  proboscidiform  organ,  which  is  capable  of  great  enlargement  in 
size,  and  is  cylindrical  or  drawn  out  into  lobes.  It  leads  into  an 
enteric  cavity  (o)^  which  occupies  the  middle  of  the  Hat  body,  and 
which  is  broken  up  into  numerous  branches,  which  pass  towards 
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the  edge  of  the  body ;  an  elegant  mesh-work  may  be  formecl  by 

the  connections  of  those  with  one  another  (Thysanozoon).     Owing 

to  the  free  coininuincation  that  the^e 
branches  have  with  the  central  cavity, 
the  chyme  is  distributed  in  the  body,  and 
BO  the  enteric  canal  takes  on  the  function 
of  a  vascular  system.  The  land  Planu- 
riana  are  remarkable,  inasmuch  as  their 
enteric  tube  consists  anteriorly  of  a  median 
^^^^     .  canal,  while  it  is  divided  posteriorly.    Nu- 

_^^!L,^  ^      merous  and  regular  transverse  processes 

1^^4^^ttifc_^^s?Krb^l         P^^^  ^^  from  both  divisions  of  it. 

The  enteric  tube  is  branched  in  many 
of  the  Trematoda,  The  gut  commences 
by  a  mouth,  which  is  generally  placed 
in  the  anterior  region  of  the  body,  and, 
as  a  rule,  has  the  surronndiug  parts  meta- 
morphosed into  a  sucker  (Fig.  G9,  s) ;  this 
is  followed  by  a  muscular  pharynx  (h), 
from  which  the  enteron  proper  is  given 
off.  This  is,  when  most  simple,  a  ca^cal 
sac  {Aspidogjister,  Gasterostomum),  and 
corresponds  to  a  low  grade  of  develop- 
ment; this  is  very  common  among  the 
Treraatoda  at  certain  stages  of  their  de- 
When   more  differentiated,  the  enteron 

divides  into  two  branches,  whicli  pass  backwards,  and  either  give 

off  greatly  ramified  branches  ioto  the  body 
(Di  stoma  hepatic  urn),  or  form  simple 
ciecftl  sacs  {e)  (Distoma  flavescens,  D. 
lanccolatum).  The  two  branches  may 
unite  again  and  form  an  arrangement  like 
that  which  obtains  in  some  Planarim,  It 
is  clear,  from  the  homogeneity  of  its  struc- 
ture, as  well  as  from  its  contents,  that 
even  in  the  Trematoda  this  branching  of 
the  gut  is  merely  an  enlargement  of  the 
ti'act  in  the  body,  and  not  the  formation 
of  heteronomous  segments*  The  texture 
of  the  wall  is  in  correspondence  with  the 
low  stage  of  this  form  of  enteron,  for 
only  the  epithelial  investment  is  indepen- 
dent, being  bounded,  exteriorly,  by  the 
tissue  of  the  parenchyma  of  the  body — 
connective  tissue. 

Complete  degeneration  of  the   gut  is 

clearly    due  to    adapttitions    to   definite 

nmdes  of  life,  in  which  the  food  passes  through  the  integument 

This  phaenomenon,  bix)nght  about  by  parasitism, 


Fig.  68.  DigeatiFC  uppftmtua 
of  E  t]  r y  1  e  p  t  a  b  a n  g  u  i  no- 
lent  a*  0  Month,  p  PhnrytiT, 
V  Stomncb,  jfj'  Bamffica- 
tioiiB  of  tbo  (iigeativo  caTity. 
n  Nerve  ganglion  (bruin J  (after 
QiiatrofagGe). 

velopment  (Eedia-form) . 


Fig,  61In  Alimentary  cau«il 
(jt  Difltoma  flavesccnfl. 
o  Month  Eu 0*011  nded  by  a 
ftiiickcr,  »,  e'  Vt^utnil  sucker. 
h  Muecitlar  portion  of  the  cbso. 
pbagnfl  or  phnrynx^  r  Biftir* 
catetl  enteric  tiil>e. 


by  endosmom. 
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attains  its  highest  development  in  the  sporocysfc  forms  of  the  Trema- 
toda.  Fiuallyj  the  absence  of  an  enteric  canal  is  the  rnlo  among 
the  Cestoda,  where  the  entoron  is  not  present  for  a  time  even. 
Tho  enteron  is  altogether  wanting  in  the  Acanthocephalij  and  for 
the  same  reason — namely;  parasitism. 

Among  the  Platjhelminthes  there  are  forms  which  are  distin- 
guished by  the  possession  of  an  anns,  and  which  may  be  contrasted 
with  those  which  indicate  their  lower  condition  by  not  possessing 
one.  Such  are  the  Microstomeae  among  the  Tur- 
bellaria  rhabdocoela,  and  the  Nemortina,  the  enteric 
tabo  of  which  has  pretty  much  the  same  form 
thronghout,  and  which  begins  by  an  elongated 
ventral  month,  which  lies  behind  the  central  nervous 
system.  In  Malacobdella  the  mouth  is  placed  at 
the  anterior  end  of  the  body.  A  mnscular,  but 
generally  feebly-developed,  pharynx,  leads  into  the 
intestinal  tube,  which  is  provided  with  a  large 
number  of  lateral  diverticula.  This  fills  the  greater 
part  of  the  body-cavity,  to  tho  walls  of  which  it  is 
attached  by  muscular  fibres.  The  lateral  diverticula 
of  the  enteric  tube  are  sometimes  regularly  aixanged, 
and  are  tho  first  indications  of  metamerism.  This 
is  best  seen  in  Pclagonemertes ;  and  so  far  this 
form  calls  to  mind  the  dendrocoelona  Turbellaria, 
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In  the  Nemathelminthes  all  three  portions  of  the 
alimentary  tube  are  generally  present.  In  coitc* 
spondenco  with  the  form  of  the  body,  it  foi^ns  a  long 
tuboj  which  traverses  the  body^  beginning  by  a 
mouth  in  the  centre  of  the  anterior  end  of  the 
body,  and  ending  by  a  ventrally-]daccd  anus,  which 
is  more  or  less  near  the  caudal  end.  The  most 
anterior  portion  (oesophagus)  fonns  a  narrow  canal, 
the  walls  of  which  pass  gradually  backwaixls  into  a 
thick- walled  pharynx  (Fig.  70).  This  is  distinctly 
marked  off  from  the  rest,  and  is  disiiuguished  by 
a  musculature,  which  enables  it  to  act  as  a  suckiug 
organ.  The  layer  of  ehitin,  which  invests  the  tract 
from  the  mouth  to  this  portion,  not  unfrequently  forms  ridges  or 
tooth-like  orginis.  The  mid- gut  (chyle-stomach),  which  succeeds 
the  pharynx,  is,  as  a  rule,  the  largest  part;  it  has  simple  walls, 
often  formed  by  a  single  layer  of  cells,  which  in  some  (Heterakis 
vesicnlaris,  Oxyuris  vcmiicularis)  is  provided  in  places  with  a 
muscular  covering  of  annular  fibre.  A  cnticular  layer  gcnemlly 
lies  outside  the  epithelium ;  an  internal  cuticle,  which  is  traversed 
by  pore -canals,  appears  to  be  present  also.  In  many,  the  mid-gut 
forms  a  ca^cal  diverticulum   in  its  anterior  portion.     This  portion 
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of  the  intestine  is  attached  by  laterally-directed  fibrooa  chords  to 
the  bodj-wall,  as  a  rule,  along  the  lateral  lines.  The  hind-gut, 
which  arises  from  the  mid-j[^t,  is  the  shortest  portion  of  the  whole 
canal,  and  is  distinguished  from  tho  part  in  front  of  it  by  its 
diminished  breadth. 

In  the  Gordiacea  the  enteric  canal  is  present  in  tho  entoparasitic 

larval  stages  only,  and  undergoes 
retrogressive  metamorphosis  when 
the  sexual  organs  are  developed. 
In  Gordius  even  the  mouth  dis- 
appears. The  organisMj  when  it  is 
free,  uses  up  the  material  which  it 
ingested  by  its  onteron  during  tho 
earlier  stages,  in  forming  genera- 
tive products,  after  it  has  given  up 
its  parasitic  habit,  and  the  ingestion 
of  food. 

The  enteric  canal  of  the  Chte- 
tognathi  resembles  in  many  points 
that  of  the  Nemathelminthes,  but 
tho  enteron  is  connected  to  the 
body -wall  in  a  different  way,  namely 
along  its  dorsal  and  ventral  median 
lines.  Setiform  hooks,  arranged  in 
rows  at  the  sides  of  the  mouth, 
servo  as  organs  of  prehension. 

§  130. 

Although  the  digestive  organs 
of  the  Bryozoa  are  sharply  marked 
off  into  the  three  primitive  di- 
visions, they  are  exceedingly  simple 
in  character.  The  month,  which  is 
surrounded  by  the  tentacles,  or 
placed  in  the  centre  of  the  lobate 
process  which  carries  them,  is  in 
one  division  (Phylactolaeraata)  over- 
hung by  a  movable  process^the 
epistom.  Thence  it  psisses  straight 
hack  to  an  oesophageal  portion 
(Fig.  71,  vv),  which  in  some  is 
widened  out  or  even  converted  into 
a  gizzard  by  the  development  of 
denticular  processes  in  one  part  of 
The  second  portion  is  separated 
from  the  fore-gut,  which  is  invested  w^th  cilia,  by  a  constriction 
(y),  and  forms  tho  mid-gut.  It  fimctions  as  a  stomach,  and  foiins  a 
csdcnuij  which  generally  descends  some  way  down  into  tho  coelom. 


Fig.  71.  Organisation  of  Dry 02011.  ,4 
I'ttludicellft  EhrcBborgu.  J?  Plu. 
mate! la  frutieosn.  hr  Tentacular 
braochlss.  cm  (Esophaj^ufl  (fore-gut). 
V  Stomach,  r  Hind^gut.  a  Ahum,  i 
CoToriiig  of  tbebody  (cell),  t  PcwtcrioT; 
!P '  Anterior  cbord,  at  the  insertion  of 
which  into  the  body  the  generative 
prcHluets  are  developed.  t  Teates. 
o  th'Aryt  »ft  Betittctor  xnnscleB  of  the 
anterior  portion  of  tho  cell,  mr  Priii. 
cipal  retractor  mugclo  (after  Allnian). 

it  (Bowerhankia,    Vesicnlaria). 


ALIMENTAKY  CANAL   OF  VEMIES* 

The  hind-gat  follows  a  constriction  of  the  somewhat  more  deeply- 
placed  pyloric  portion,  and,  ascending  by  the  side  of  the  fore-gnt,  is 
continned  into  an  anus  (5  a),  which  is  placed  close  to  tho  mouth,  but 
always  below  and  outside  tho  circlet  of  tentacles.  Tho  hind-gut  is 
sometimes  widened  (Flustra), 

The  ciliated  tentacles  function  as  accessory  organs  of  nutrition, 
food  being  brought  to  the  fixed  animals  vnih  the  changing  water. 

In  the  Pedicelliuaj  tho  same  parts  can  bo  made  out  as  in  tho 
true  Bryozoa,  but  the  stomach  has  no 
c^cum. 

The  enteric  caoal  of  tho  Rotatoria 
exhibits  sometimes  agreement  with  lower 
conditions,  for  it  may  consist  of  fore- 
and  mid-got  only,  the  hind-gut  being 
absent  (species  of  Notommata),  while  on 
the  other  hand  it  is  more  highly  de- 
veloped, owing  to  the  differentiation  of 
masticatory  organs  in  the  most  anterior 
portion,  ITiese  are  formed  by  chitinous 
structures,  placed  at  the  sides  and  oppo- 
site to  one  another ;  they  are  provided 
with  tooth-like  pi^cesses,  etc,  (Fig,  4o, 
im).  The  fore-gut  commences  with  tho 
mouth,  which  lies  below  the  ciliated 
velum,  aud  is  distinguished  by  its  lesser 
width  from  the  mid-gut  (ordinarily  called 
the  "  stomach  ^').  Where  a  hind- gut  is 
continued  on  from  the  mid- gut,  it  turns 
to  tho  dorsal  surface  of  the  body,  to 
open  into  a  cavity  common  to  the  open- 
ings of  the  excretory  and  sexual  systems 
— the  cloaca — a  peculiarity  not  found  in 
other  divisions  of  Vermes. 


§  131. 


Fig,  72.  Eutoric  canal  of 
B  on  el  I  i  a.  Tho  proboscis  of 
tho  auLiiml  is  coLle<l,  so  tliot  thiO 
wholo  of  it  cantiot  bo  i$c<»ti, 
3>  Front  of  tho  probo«ci«. 
ss '  Groove  of  tho  proboaois.  ii 
Eiitono  canal.  tn  Mea(.mterio 
ftlamcDts  :  they  are  only  drawn 
in  tbo  antorior  region,  g  Ex- 
cretory organg.  c  Cloaca,  w  Utc* 
ni3  (afu?r  Lacaxe-Dnthlers). 


In  the  Gepliyrea  the  three  divisions 
of  the  enteric  caual  are,  as  a  rnle^  distinct 
.  in  the  earlier  stages  only  ;  in  somCj  how- 
ever, for  a  longer  time  (Priapulus) ;  while  in  otherSj  as  the  enteric 
tube  elongates,  the  separation  becomes  less  noticeable.  The  enteron 
then  forms  a  tube^  wliieh  is  geuei-ally  a  good  deal  longer  than  the 
body,  and  which  dues  not  vary  much  in  diameter.  It  is  either  dis- 
posed in  several  partially-coiled  lougitudinal  loops,  when  the  anus 
is  on  the  dorsal  surface  of  the  animal  (SipunculuSj  Phascolosoma) ; 
or  the  enteron  (Fig.  72,  i)  passes  te  the  posterior  end  of  the  body, 
in  numerous  shorter  coils,  without  forming  large  longitudinal  loops, 
and  ends  in  the  anus,  which  is  placed  there  (Bcbiurus,  Bonollia), 
The  latter  agree  with  the  majority  of  the  other  Vermes  in  the  aboral 
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position  of  tho  anus,  while  tto  Sipunculidas  seem  to   differ  more 
from  them.      But  this  position  of  the  anus  is  really  only  a  farther 

development  of  that  dorsal  posi- 
tion which  it  has  in  many  of  the 
0^  .  T   ^  <E?-.  Vermes,   and  does   not   in  any 

way  affect  the  homology  of  their 
enteron  with  that  of  the  other 
mcmhei*s  of  this  group. 

§  132, 

The  metamerism  of  the  body 
in  the  Annnlata  affects  the  en- 
teric tnbe ;  but  there  are  various 
other  differentiations  in  it, which 
are  due  to  adaptations  to  special 
modes  of  life.  Hero  again  the 
enteric  canal  begins  as  a  ca)cal 
invagination.  The  aproctous 
condition  J  which  persists  in  most 
of  the  Platyhelmintliea,is  pa.ssed 
through  by  these  forms  at  an 
early  stage  in  development.  The 
entrance  to  the  fore-gut  is  most 
variously  differentiated  in  the 
Hirudinea.  In  some  tiro  pro- 
tractile tosophagns  is  greatly 
complicated,  in  others  its  en- 
trance is  armed  with  chitinons  ridges,  which  are  the  first  signs  of 
jaws.  But  in  most  the  mid-gut  is  beset  by  ponch-bko  diverticula 
(Fig.  73),  which  are  branched  in  Clepsinej  the  last  two  of  these 
diverticula  sometimes  form  longer  c^ccal  tubes  (c) 
on  the  nan'ow  hind-gut^  which  extends  to  the 
end  of  the  body  (Clepsiuej  Ha3raopis),  These  are 
the  only  creca  of  the  gut  of  Aulacostomnm.  In 
othera  the  cmca  are  merely  indicated  by  constric- 
tions. In  all  cases  these  arrangements  correspond 
to  the  metamerbm  expressed  also  in  the  nerve- 
chord. 

In  nearly  all  AnneHda  the  fore-gnt  is  separated 
into  several,  often  very  different,  portions.  A 
median  portion  is  distinguishable  by  its  more 
powerful  muscular  investment,  and  is  separated 
from  the  mid-gut  by  a  tract  of  varying  length. 
Among  tbo  Scoleina,  this  portion,  which  is  known 
as  tbo  "  muscular  stomacb,^'  is  very  greatly  de- 
veloped (Lnmbricns),  It  forms  the  end  of  the  fore-gnt*  It  is  placed 
more  towards  the  middle  of  the  latter  in  most  Chaetopoda,  and  is 
frequently  provided  with  denticles,  which  work  on  one  another  like 


Fig.  73.  En- 
teric CQTial  of 
SaugaisttgEt. 
o  (Esophagus. 
c  PoBterior  pttir 
of  offica.  a 
Anus. 


Fig.  74.  Eotono  c&n&i 
of  AphTodite.  o  An- 
terior portion ,  h  Middl  o 
(tnnficular)  portion  of 
the  fore-gat.  c  Branched 
ccecal  appfstidageB  of 
the  mid-gat.    a  Ahqb. 


Fir.  75.  Maxinory 
apparatus  of  a  Eimi- 
oea  (Lygitlicc).  Or-e 
Fairs  of  jawfl  (after 
Milne- Edwards). 
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jaws,  Tliere  is  sometimes  only  one  pair  of  these  jaws  (Fig.  55,  m), 
and  eometimes  tliero  are  several,  wliich  differ  from  one  another  in 
particular  characters,  and  form  a  complicatod  apparatus  (Fig.  75), 
This  portion  m  very  greatly  developed  in  tho  Aphroditeidaa.  It 
can  be  protruded,  as  in  many  other  voracious  Annelids  (Phyllodoce, 
Glyccra,  etc.),  so  that  the  antenor  portion  is  everted  and  forms  the 
outer  surface  of  the  "  proboscis/*  This  protrusiblo  portion  is  some- 
times very  long. 

The  whole  arrangement  undergoes  atrophy  in  the  Tubicala3,  to 
which  Arenicola  is  an  intermediate  step.  The  third  division  of  the 
fore-gnt  is  feebly  developed  in  the  Scoleina,  and  more  so  in  the 
Cheotopoda,  where  it  is  often  seen  to  be  provided  with  a  pair  of 
cieca  (Syllis,  Arenicola). 

Tlie  mid-gnt  forma  the  largest,  and  also  the  most  nniform,  portion 
of  tho  whole  enteric  tube.  It  generally  has  a  perfectly  straight 
course,  and  is  seldom  disposed  in  coils  or  loops.  It  ia  not  only 
attached  by  tho  muscular  laraellaj  from  the  body-wall,  or  by  tho 
separate  fibres  from  tho  edges  of  the  metameres,  but  is  also  divided 
into  separate,  and  often  di vert icu late,  portions,  which  correspond  to 
tho  metameres.  In  the  family  of  the  AphroditeidfB,  as  in  tho 
Hirudinea,  diverticula  of  this  kind  are  developed  into  larger  appen- 
dages, which  may  exliibit  numerous  branches  (Fig.  7J-,  c). 

The  hind -gut  is  generally  a  short  portion,  and  is  of  some  size  in 
the  Tubicolro  and  in  Arenicola  only ;  it  seldom  has  a  median  en- 
largement, and  generally  extends  to  the  anal  opening  from  tho 
mid-gut,  without  being  sharply  marked  off  from  it. 

ilyzostoma  agrees  with  the  Annelides  in  the  character  of  its 
intestinal  tube.  The  fore- gut  is  represent od  by  a  long  protractile 
proboscis,  which  leads  into  a  widened  mid-gut,  from  which  a  narrower 
hind-gut  leads  to  the  anus.  Branched  cosca  arc  distributed  through 
the  body  from  either  side  of  the  mid-gut. 


Enteric  Branch!^. 

$  133» 

The  development  of  tho  respirutory  function  of  the  enteric  tube 
leads  to  special  arrangements  in  it,  which  are  greatly  developed  in 
Balanoglossus.  Tho  anterior  portion  of  its  enteric  tube  is  separated 
by  two  lateral  processes  into  two  semi-canals,  which  lie  one  above  the 
other,  and  communicate  freely  by  means  of  the  longitudinal  opening 
which  lies  between  the  two  laterally  outstanding'processes.  The  semi- 
canal, which  I  regard  as  the  lower  one,  leads  directly  to  the  commence- 
ment of  that  portion  of  the  enteron  which  functions  exclusively  as  a 
nutritive  canal.  The  investinent  of  ciha  drives  the  particles  of  food 
into  it;  it  has  a  nutritive  function »  The  semi-canal,  however,  which 
is  placed  dorsally,  has  a  respiratory  function.  There  is  a  branchial 
support  in  its  walls  in  the  form  of  a  delicate  framework  of  chituioua 
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lamGllse,  covered  with  epitbeliiim.  There  are  clefts  between  the 
branchial  arches  and  the  several  lamella!  which  go  to  form  them; 
these  lead,  on  each  sidej  to  a  series  of  spiracles^,  by  which  they  open 
on  to  the  surface  of  the  body.  A  network  of  vessels  is  spread  over 
the  branchial  framework.  I'he  water  taken  in  by  the  mouth  streams 
through  the  snperior  respiratory  semi-canal  into  this  branchial 
apparatus,  and  passes  again  to  the  exterior  by  the  rows  of  spiracles. 
The  hind-gut  of  many  Annelida  may  be  seen  to  take  in  water, 
and  this  may  be  connected  with  a  respiratory  function  of  thi^s  division 
of  the  intestine.  No  special  organs  of  respiration  have  been  ob- 
served to  be  developed  ui  this  portion.  It  is  not  yet  certain 
whether  the  stmctnres  which  aro  found  in  the  hind-gut  of  Neomenia 
are  really  branchise.  More  exact  anatomical  knowledge  of  the  pro- 
tractile branchite  of  Chsetoderma  is  necessary  before  we  can  say 
what  is  their  morphological  signification. 


Accessory  Organs  of  the  Alimentary  Canal. 
§  134. 

The  enteric  canal  of  the  Vermes  has  glandular  organs  of  various 
kinds  connected  with  it,  which  are  to  be  regarded  as  differentia- 
tions of  the  enteric  wall,  that  is  to  say  of  the  endoderm.  Single 
cells,  or  groups  of  cells,  acquire  a  different  character  from  their 
neighbours,  and  so  give  rise  to  special  organs,  which  are  of  different 
degrees  of  individuality,  according  as  their  position  is  on  the 
enteric  wall,  or  without  it ;  in  the  latter  case  tliey  are  connected 
with  the  lumen  of  the  mteatuio  by  ducts.  They  may  further  be 
more  exactly  classiiied,  according  to  then*  relation  to  the  separate 
divisions  of  the  entcron. 

In  the  fore-gat,  close  behind  the  muscular  pharynx,  small  groups 
of  unicellular  glands  open  in  the  rhabdocoelous  Turbellaria,  In  tho 
Trematoda  similar  groups  of  cells  are  placed  at  tho  anterior  end  of 
the  body,  opening  near  the  mouth,  and  are  regarded  as  pharyngeal 
glands.  Glandular  organs  have  been  observed  in  the  so-called 
pharynx  of  the  Nematodes,  and  distinct  glandular  cells  in  the  oral 
region. 

Among  the  Annulata  the  histology  of  the  Hirudinea,  especially, 
has  been  carefully  investigated ;  in  them,  a  large  number  of  uni- 
cellular glands  open  into  the  proboscis,  when  there  is  one,  or  into 
the  jaws,  when  they  are  present.  In  the  Ann  elides  a  ]>air  of  lobate 
glandular  tubes  are  found  in  the  last  division  of  the  fore-gut,  just 
behind  its  muscular  portion  in  the  Nereids  and  othei's  provided  with 
pharyngeal  jaws  (cf .  Fig.  55^  gl)  ;  they  are  modifications  of  the 
simpler  tubes  of  the  Syllidee.  The  Rotatoria  are  provided  with 
glandular  appendages  at  the  same  spot.  It  is  usual  to  call  these 
glands,  which  liave  however  various  kinds  of  functiontd  relations, 
''salivary  glands,^' 
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§  135. 

Tlie  glandular  organs  conneetod  with  the  mid-gat  are  ordinarily 
regarded  as  hepatic,  or  as  a  "  liver,"  Wo  must  be  careful  not  to  attri- 
bute anything  more  than  the  value  of  a  convenient  distinction  to  theso 
names.  Separate  glands  are  almost  always  absent  from  the  mid-gut 
of  the  Vorine.s,  but  the  epithelium  is  generally  found  to  be  different 
from  the  epithelia  of  the  other  divisions  of  the  enteroji,  so  that  a 
secretory  function  is  not  improbable.  This  is  indicated  by  the 
granular  character  of  the  cells  in  many  cases^  and  by  the  difference  in 
the  coloration  of  the  cell -contents.  The  latter  point  is  probably  more 
important  than  the  former,  for  the  former  may  be  due  to  the  absorbing 
function  of  the  enteric  epithelium,  Tho  mid-gut  of  the  Bryozoa  is 
distinguished  by  this  chaiticterj  and  even  in  the  Rotatoria  tho  epithelial 
layer  of  this  region  may  be  seen  to  be  differentiated.  This  character 
is  more  highly  developed  in  the  Platyhclmintlies  (Planarife,  many 
Trematoda),  in  which  the  stomachal  branches  (Fig.  08)  are  the 
chief  seat  of  this  peculiarity ;  these  branches^  therefore,  may  be  re- 
garded as  secreting  appendages.  Indcpeudent  glands  are  still  more 
distinct  in  the  lateral  appendages  of  the  mid-gut  of  Aphrodite 
(Fig,  74),  which  are  developed  by  the  gradual  narrowing  and 
lengthening  of  the  Bimpler  enteric  appendages  found  in  the  allies  of 
this  genus.  Finally,  we  must  mention  here  the  tubular  enteric 
appendages  of  Balanoglossusj  wliich  beset  the  whole  dorsal  surface 
of  the  enteric  canal  beyond  the  respiratory  segmentj  and  are 
grouped  in  agreement  with  the  segments  of  the  body. 


Ccelom. 
§  136. 

The  Coolom  of  the  Vermes  is  the  earliest  differentiation  of  a 
hollow  cavitary  system  placed  between  the  enteric  tube  and  the 
integument,  and  leading  to  the  formation  of  a  vascular  system,  and 
takes  its  origin  in  a  cleavage  of  the  mesoderm.  The  food  taken  in 
by  the  enteron  is  no  longer  distributed  in  the  organism,  as  it  is  in 
the  Coelenterata,  by  continual  imbibition  into  the  tissues  from  the 
wall  of  the  enteron,  but  the  nutrient  fluid  is  collected  into  a 
perienteric  space,  where  it  may  enter  iuto  relation  with  organs 
differentiated  from  the  enteric  canal j  and  from  the  integument. 

In  a  hirge  number  of  Vermes  this  perienteric  space  (Ccelom)  is 
either  altogether  absent,  or  only  rndimentiirily  present.  This  m  the 
case  in  most  of  the  Platyholminthes  and  Nemathelminthes,  as  well 
as  in  some  others,  such  as  IVdieeilina.  In  tho  land  Planarians  two 
cavities  traversed  by  a  reticidum  of  connective  tissue  extend  along 
the  body ;  they  are  largely  broken  up  anteriorly.  They  are  to  be 
regarded  as  indications  of  a  cix'loni  of   this  kind.     The  ccelom   is 
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well  developed  in  the  Rotatoria  aod  in  most  Annulatii*  It  forms  a 
continuousj  and  generally  a  very  widoj  CRvity  in  the  Bryozoa  and  in 
the  Gepliyrea.  Tho  ccelom  of  the  Aunulata  is  arranged  in  correla- 
tion with  the  metamerism  of  tlie  body.  Partitions  (dissepiments) 
extend  from  the  wall  of  tho  body  to  tlio  enteric  tube,  and  form 
a  series  of  separate  cliambersj  each  of  which  corresponds  to  ono 
segment  of  tho  gut,  etc. ;  those  charaetors  have  been  already 
pointed  out  in  the  Nemertina,  W^heu  tho  dissepimonta  are 
reduced  to  single  chords  the  chambers  are  more  or  less  com- 
pletely fused.  In  many  eases  this  canses  the  separate  chambers 
to  disappear,  either  along  certain  tracts,  which  are  gener Filly  placed 
in  the  anterior  region,  or  along  the  whole  length  of  tho  body ;  and 
a  single  body-space  is  formed^  which  is,  generally,  still  tntversed  by 
remnants  of  the  dissepiments,  in  the  form  of  filaments  or  fibrous 
bands.  These  fibres  keep  the  enteron  in  its  place,  especially  when 
it  is  coiled  (cf.  Bonellia,  Fig,  72,  m). 

The  perienteric  fluid  is  generally  quite  clear,  and  in  most 
Vermes  contains  form -elements,  of  which  there  are  sometimes  a 
largo  qnantity.  When  there  is  communication  between  the  vascular 
system  and  the  cocloni,  the  contents  of  tho  two  spaces  are  similar  in 
character.  The  movement  of  the  tluid  is  dependent  on  tho  action 
of  the  body -wall,  so  that  in  nuvny,  locomotion  of  the  body  prodncea 
at  tho  same  time  a  circulation  of  the  nutrient  fluid :  and  thus  is 
established  the  lowest  form  of  circulation. 

The  ca*loni  communicates  with  tho  surrounding  modimn,  the 
water,  by  means  of  various  armngements.  The  excretory  apparatus, 
with  its  interiml  orifices  (of.  §  142),  is  one,  but  special  openings  are 
also  known.  For  example,  there  is  an  opening  of  this  kind  in  the 
Bryozoa,  which  sei'ves  also  as  the  passage  for  the  generative  pro- 
ducts, and  in  the  Rotatoria,  where  the  orifice  is  generally  drawn  out 
into  a  tube  (siphon  .*  cf*  Fig.  81,  ^}.  Similar  orifices  have  been 
observed  to  be  present  in  tho  Annelides. 


Vascular  System, 

§137, 

The  differentiation  of  hollow  spaces  in  the  mesoderm  is  the  first 
beginning  of  the  formation  of  a  complicated  system  of  canals ;  which 
gnidnally  acquire  special  walls  and  become  blood-vessels.  The 
earliest  main  trunks  form  long  canals,  which  are  first  visible  in  the 
Nemertina.  Two  (Fig.  7G,  U)  of  the  three  chief  trunks  take  a  lateral 
course;  the  third  is  dorsal  and  median.  In  the  cephalic  region  tho 
lateral  vessel  forma  several  coik,  which  surround  the  cerebrum,  and 
are  connected  with  the  doi'sal  vessel  as  well  as  with  one  another 
more  anteriorly.  At  the  posterior  end  of  tho  body  all  three  vessels 
are  more  simply  connected.  In  some  genei'a  other  vessels  are  con- 
nected with  these  three ;  five  tmnsverse  vessels  connect  the  dorsal 
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and  the  lateral  ones  at  regular  distances.  In  this  way  the  whole 
arrangement  is  in  a  way  segmented,  and  corresponds  to  the  meta- 
merism indicated  in  other  organs. 

The  canal  system  which  ramifies  through  the  integument  of  the 
Acanthocephali,  and  is  also  united  with  the  canals  of  the  lemnisci 
(p.  174),  must  not  be  regarded  as  a  similar  system 
of  vessels.  It  is  uncertain  to  what  morphological 
group  of  organs  they  belong.  fl       V\ 


§138. 


The  vascular  system  of  the  Annulata  resembles 
that  of  the  Nemertina  in  all  essential  points.  In 
almost  all  there  are  longitudinal  trunks,  which 
have  a  dorsal  and  ventral,  or  even  a  lateral, 
course ;  these  are  connected  with  one  another  by 
transverse  anastomoses,  and  pass  into  one  another 
in  the  anterior  as  well  as  in  the  posterior  region. 
The  dorsal  longitudinal  vessel,  which  runs  above 
the  enteron,  is. the  most  constant  in  character; 
it  is  always  contractile,  and  the  current  of  blood 
in  it  is  driven  from  behind  forwards.  It  cor- 
responds to  the  dorsal  median  vessel  of  the  Nemer- 
tina, while  the  two  lateral  vessels  of  the  latter 
may  correspond  to  the  ventral  vessel  of  the  Annu- 
lata. These  vessels  are  not  closed  in  all  Annulata> 
but  are  connected  with  wider  spaces,  which  repre- 
sent a  body-cavity.  The  vascular  system  is  not 
completely  differentiated  in  these  forms.  The 
body-cavity  remains  in  direct  connection  with 
the  vascular  system  in  the  Hirudinea,  owing  to 
the  fact  that  organs  which  formerly  lay  in  the 
coelom  are  now  enclosed  in  haemal  spaces.  There 
are  usually  three  such  sinuses.  A  median  one, 
representing  the  principal  portion  of  the  coelom, 
embraces,  in  Clepsine  and  Piscicola,  the  alimentary 
canatand  the  ventral  medulla,  and  perhaps  also 
a  portion  of  the  dorsal  vessel,  except  where  this 
has,  as  in  Piscicola,  a  special  sinus  for  itself. 
Two  pulsating  lateral  vessels  (Pig.  61,  B  I)  partly 
conmiunicate  with  the  median  sinus,  and  are 
partly  connected  to  each  other  by  transverse 
anastomoses.  In  Hirudo  and  its  allies,  the  median  sinus  is,  at  firsts 
only  present  in  the  region  of  the  head,  where  it  surrounds  the  oeso- 
phageal ring.  It  has  only  a  ventral  development  in  the  rest  of 
the  body,  where  it  encloses  the  ventral  medulla  (Pig.  61,  B  n). 
This  disappearance  of  the  great  sinus  is  due  to  the  development 
of  a  fine  vascular  network  in  its  place,  and,  like  it,  is  connected 
with  the  transverse  vessels,  which  unite  the  longitudinal  vessels  with 


Fig.  76.  Diagram  of 
the  vasonlar  system 
of  the  Nemertina. 
d  Dorsal  longitudinal 
trunk.  II  Lateral 
vessels.  The  arrows 
indicate  the  direction 
of  the  stream  of 
blood. 
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one  another.  Now  longitudinal  trunks  are  formed  from  tlie  vessels 
distributed  to  the  enteron.  While  in  these  forms  a  complex  system 
is  produced  by  the  combination  of  the  primitive  median  trunks  with 
a  system  of  canals  formed  from  lacunae  of  the  coclom^  the  whole 
vascular  system  may  be  made  simpler  by  the  disappearance  of  these 
median  trunks.  This  is  the  case  in  Nephelis,  where  there  is  a  wide 
median  sinus,  and  two  lateral  vessels. 

This  form  of  vascular  apparatus,  developed 
out  of  a  lacunar  system,  is  limited  to  the  Hiru- 
dinea,  for  in  the  Annelides  the  vascular  system 
is  almost  always  shut  ofE  from  the  coelom.  Where 
it  is  not  so,  we  have  to  do,  not  with  further 
development,  as  is  the  case  in  the  differentia- 
tion of  the  ca3lom  of  the  Hirudinea,  but  with 
degeneration. 

The  dorsal  vessel  lies,  as  a  rule,  immediately 
upon  the  enteric  canal,  and  often  appears  to  be 
embedded  in  the  same  glandular  layer.  In  addi- 
tion to  anterior  and  posterior  connecting  vessels, 
there  are  lateral  vessels  which  correspond  with 
the  metameres.  They  are  divided  into  those  which 
directly  surround  the  enteron,  and  form  a  capil- 
lary network,  often  a  highly-ramified  one,  in  its 
walls  (visceral  vessels),  and  into  those  which  pro- 
ject into  the  coelom,  and  run  either  along  its 
walls  or  its  appendages  (parietal  vessels).  In  the 
Scoleina  the  arrangement  is  generally  the  same 
throughout  the  whole  body.  In  many  cases  the 
transverse  vessels,  as  well  as  the  dorsal  longitu- 
dinal trunks,  are  pulsatile,  and  one  or  more  pairs 
are  considerably  widened  (Fig.  77,  c).  In  this 
difEerentiation  of  a  portion  of  the  vascular  system 
we  see  the  beginning  of  the  development  of  a 
central  organ  of  the  circulation — a  heart.  The 
ventral  vessel  is  very  seldom  contractile.  Fresh 
complications  in  structure  are  due  to  the  develop- 
ment of  fine  vascular  networks,  such  as,  in  Lum- 
bricus  for  example,  are  distributed  as  capillaries 
through  the  body.  Branchiobdella  is  allied  in 
the  characters  of  its  vascular  system  to  the  simpler  conditions  found 
in  the  Scoleina. 

§  139. 

The  development  of  the  respiratory  organs  is  of  influence  in 
producing  changes  in  the  distribution  and  differentiation  of  tho 
blood  vascular  system.  In  the  Scoleina  there  are  no  distinct  organs 
of  this  kind,  and  either  the  whole  surface  of  the  body,  or,  by  the 
introduction  of  water  into  it,  the  coelom,  acquires  a  respiratory 
function.     Consequently  we  do  not  see  any  great  variations  of  the 


Pig.  77.  Anterior 
portion  of  the  blood 
vascnlar  system  of 
SsDnnris  varie- 
g  a  t  a.  d  Dorsal  ves- 
sel.  V  Ventral  vessel. 
c  Heart-like  enlarge, 
ment  of  a  transverse 
anastomosis.  The 
arrows  indicate  tho 
direction  of  tho  cur- 
rent of  blood. 
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Fig.  78.  Diafrraminatio  transTerso  scotion  through 
the  hinder  half  of  the  body  of  Arenioola^to  show 
the  arrangement  of  the  vessels.  D  Dorsal;  V* 
Ventral  side.  ii  Ventral  medulla,  i  Enteric 
cavity,  hr  Branchim.  r  Ventral  vascular  trunk, 
ab  Branchial  vessels,  d  Dorsal  >'ascular  trunk, 
h  Branch  surrounding  the  enteric  canal,  x '  Visceral 
ventral  vessel. 


vascular  system  in  various  portions  of  the  body,  and  it  is  only  in 
some  which  live  in  the  mud  of  fresh  water,  and  in  which  the  hinder 
part  of  the  body  takes  a  special  share  in  respiration,  that  the  parietal 
vascular  coils  present  any  very  great  development  (Lumbriculus). 

Among  the  Choetopoda  also  these  simpler  relations  obtain,  but 
the  greater  differentiation 
of  the  head,  and  of  the  ^^V^" 

fore-gut,  is  followed  by 
some  changes  in  the 
vascular  system.  When 
branchise  are  present  the 
parietal  vascular  system 
is  continued  into  them; 
in  the  simplest  case  a  loop 
of  the  vessel  passes  into 
the  appendage,  which  has 
the  function  of  a  gill. 
Here  we  have  the  com- 
mencement of  the  gradual 
separation  of  an  arterial 
and  a  venous  portion. 
This  arrangement  is  re- 
peated when  the  branchia9  are  distributed  over  a  large  number  of 
metameres,  as  in  Eunice  and  Arenicola.  The  dorsal  trunk  gives 
off,  in  addition  to  the  vessels  for  the  enteron,  others  which  pass 
to  the  laterally-placed  branchico ;  from  each  of  these  a  vessel  passes 
to  the  ventral  trunk  (Pig.  78).  The  same  characters  obtain  m  the 
Hermellidae,  where  the  branchite  have  but  a  single  central  cavity, 
and  where,  therefore,  there  can  be  no  anatomical  separation  of  the 
efferent  and  afferent  blood.  In  Arenicola  these  characters  obtain  in 
the  hinder  half  only  of  the  body.  In  the  anterior  half  one  branchial 
vessel  passes  to  the  chief  ventral  trunk,  and  the  other  to  a  visceral 
ventral  vessel. 

When  the  respiratory  appendages  are  limited  to  a  smaller  portion 
of  the  body,  as  is  the  case  in  the  Tubicolas,  there  is  a  corresponding 
increase  in  the  difference  between  the  development  of  various 
vascular  regions.  Thus  in  the  Terebellidce  (Fig.  79)  the  dorsal 
vessel  (ytZ),  above  the  muscular  pharynx,  is  widened  out  into  a  large 
tube,  which  supplies  the  branchiae  (6?*),  and  so  functions  as  a 
"branchial  heart.'*  Afferent  vessels  pass  from  the  branchice  to 
the  ventral  vessel.  In  many  the  function  of  a  central  organ  is  taken 
on  by  transverse  anastomoses  (Scoleina).  A  vessel  of  this  kind, 
which  passes  from  the  ventral  to  the  dorsal  vessel,  is  found  even  in 
the  Terebellidae,  where  it  functions  as  a  part  of  the  cardiac  division 
of  the  dorsal  vessel.  In  Arenicola  this  vessel  is  continuous  with  two 
very  wide  transverse  vessels,  which  pass  to  the  ventral  trunk. 

The  arrangement  of  blood-vessels  is  constant  enough  when  they 
are  not  richly  distributed ;  but  this  is  not  the  case  in  those  divisions 
in  which  the  enteric- wall  and  the  body- wall  are  largely  provided  with 


170 


COMPAEATIYE  AKATOMY. 


vascular  ramifications.     A  breakiDg-iip  such  as  affects  the  parietal 
transverse  anastomoses  in  the  giUs,  may  affect  also  the  loagitadinal 

trunksj  which  then  take 
the  form  of  a  continuous 
network  of  vessels,  from 
which  new  passages  are 
developed.  The  phajno- 
meua,  which  give  rise  to 
a  coUatoral  circulation, 
must  also  furnish  us  with 
the  explanation  of  these 
relations.  Thus  in  Polj- 
ophthalmus  the  median 
trunk  is  breken  up  along 
the  course  of  the  mid-gut. 
Two  dorsal  and  two  ven- 
tral trunks  arise  from 
the  anterior  and  posterior 
simple  median  vessels 
in  the  Hcrmellida3 ;  in 
Eunice  the  ventral,  and 
in  Nephthjs  the  doi*sal, 
pair  are  present. 

In  some  the  vascular 
system  is  atrophied  (Gly- 
cera,  Capitella), 

A  combination  of  the 
types  of  tlie  vascular  sys- 
tem, which  obtain  in  the 
Anuelides  and  the  Ne- 
mertines,  can  be  mad© 
out  in  Balanoglossus. 
This  consists  in  the  pre* 
senco  of  both  median 
and  hiteral  longitudinal 
trunks,  but  their  visceral 
brandies  partly  function 
as  branchial  vessels^  and 
flo  give  rise  to  an  arrangement  which  is  very  different  from  that  of 
the  majority  of  Vermes, 

§  140.     • 

The  vascular  system  of  the  Gephyroa  presents  characters  which, 
not  only  in  their  relations  to  the  circulatory  system  of  other  Vermes, 
but  even  when  wo  compare  their  various  conditions  vfiih.  one 
another,  arc  by  no  means  easy  to  understand;  at  the  same  time 
there  are  many  important  lacuiuo  in  our  knowledge  of  the  ana- 
tomical facts.  The  most  important  of  those  is  tho  question  whether 
there  ia  any  connection  between  the  cavities  of  the  vascular  system 


Fig.  79.  Vaicul&r  ByBtem  of  Terebella  noba- 
losa ;  opcaied  from  tbe  dorwil  surface,  t  Tentacles 
(not  fuUy  drawn),  br  Tlire©  pairs  of  braucliiH?» 
ph  Muflcular  poriion  of  the  fore-giit  (pliaryiii). 
V  Eotcron.  vd  Doraal  vessel .  vv  Ventral  veasol 
(after  Milne- Ed  wards). 
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and  the  ccBlom  j  the  only  character  which  points  to  the  existence  of 
one  13  the  nature  of  tho  perienteric  fluid* 

The  essential  arrangement  of  the  course  of  the  circulation  is  deter- 
mined hj  tho  presence  of  two  longitudinal  trunks,  which  correspond 
to  the  principal  trunks  already  noted  in  tho  Annelides.  Tho  ventral 
one  runs  along  the  wall  of  the  body,  while  the  dorsal  one  is  attached 
to  the  enteric  canal,  and  accompanies  it  along  its  coils  and  loops. 
The  blood-current  has  the  same  direction  iiB  in  the  dorsal  uud 
ventral  vessels  of  the  Annelides. 

The  two  vessels  are  at  their  simplest  in  tho  young  stages  of  the 
Sipunculida).  They  appear  to  be  connected  with  one  another 
around  the  mouth,  where  they  also  communicate  with  tho  cavities  of 
the  tentacles.  At  the  posterior  end  of  the  body  a  number  of  actively 
contractile  ca3ca  are  connected  with  the  dorsal  vessel.  In  Steruaspis 
these  caeca  have  a  special  significance,  for  they  are  divided  into  two 
tufts  which  project  to  the  exterior  and  servo  as  branchiie.  In  tho 
Siponcuhdto  similar,  but  internal,  appendages  are  distributed  along 
the  whole  dorsal  vessel.  The  doi*std  vessel  is  coiled  in  Sternjispia, 
Boneliia,  and  Ecbiums.  Where  tho  tentacles  are  absent  it  is 
continued  into  the  ventral  vessel  by  a  vascular  loop  which  stuTounds 
the  mouth,  and  which  is  sometimes  broken  up  into  finer  vessels. 
Owing  to  the  formatiun  in  the  BonelHto  of  a  large  proboscis  out  of 
the  greatly  elongated  upper  hp,  the  anterior  portion  of  the  vascular 
system  is  veiy  much  increased  in  length,  Tho  dorsal  vessel  is  con- 
tinued to  the  end  of  the  proboscis,  and  divided  into  two  branches, 
which  pass  along  its  edges  and  again  meet  in  the  body  below  tho 
mouth.  Li  Echinrus  this  aiTaugement  is  wanting,  as  is  tho  pro- 
boscis. The  ventral  vc'ssel  formed  from  the  union  of  the  two 
vascular  loops  in  Echioi'us  and  Sternaapis,  passes  backwards,  giving 
off  numerous  lateral  branches  as  it  does  so.  In  Bonellia  it  divides 
shortly  after  it  becomes  a  single  vessel  behind  the  mouth  ;  but  later 
on  it  agfiin  becomes  single.  It  gives  off  visceral  vessels  m  Echiurus 
and  in  Bonellia ;  these,  of  which  there  is  a  large  number  in  Echinrua, 
run  in  the  mesentery.  In  Echiurus  tho  most  anterior  of  these 
vessels  forms  a  considerable  enlargement  on  the  enterou,  whence  a 
ventral  enteric  vessel,  and  two  anastomoses,  which  embrace  the 
enteric  tube,  are  given  off  to  the  doi'sal  vesseL  This  is  cleai-ly  a  mode 
of  connection  of  the  dor-sal  and  ventral  vessels  similar  to  that  which 
is  repeated  several  times  in  tho  segments  of  an  Annelid.  In  these 
forms  the  arrangement  k  limited  to,  or  greatly  developed  at,  one 
point.  Tho  vai-iations  from  tho  Annelid  type  are  caused  by  the 
distance  of  the  alimentary  canal  from  the  ventral  median  line,  in 
consequence  of  which  the  anastomosis  is  not  paired,  but  arises  as  a 
single  vessel  from  the  ventml  trunk.  In  Bonellia  further  changes 
are  noticeable.  The  tmns verse  anastomosis  to  the  dorsal  trunk 
running  along  the  intestine  is  developed,  on  either  side,  into  a 
large  tube,  from  which  the  dorsal  vessel  appears  to  arise  anteriorly, 
since  its  posterior  portion  is  either  wanting,  or  htis  become  very 
small  in   comparison  with   the    widened  anterior   part.      In   this 
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character  also  distant  relations  to  what  obtains  in  the  Annelides  are 
expressed.  The  most  important  difforeuce  coiiBists  iu  the  limitation 
of  tho  transverse  anastomoses,  which  surround  the  intestines^  to  one 
only,  which  is  consequently  very  mnch  modified.  Here,  then,  again 
the  characters  exhibited  are  in  con^espondenco  with  a  radimentary 
metamerism.  More  or  less  extended  portions  of  the  vessels  servo  as 
organs  for  tho  movement  of  tho  blood,  and  are  very  different  in 
variuus  genera, 

Tho  nutritive  fluid  fonns  the  contents  of  tho  ccelom,  as  well  as 
of  the  vascular  system;  its  form -elements  are  genei^lly  slightly 
differentiated  cells.  When  the  vascular  system  is  marked  off  from 
the  ccelom  its  contents  are  known  as  blood.  The  form -elements  in 
many  Annelids  are  colon rless*  In  many  Nemertina  the  blood- cells 
have  a  red  colour  (Borlasia) ;  the  fluid  is  coloured  in  many  Annelids, 
and  this  colour  is  occasionally  green,  but  more  frequently  red.  In 
several  cases  the  form-elements  contain  the  colouriug  matter.  The 
plasma  also  may  be  definitely  colouredj  as,  for  example,  in  the 
Lumbricidaj.  When  the  vascular  system  is  separate,  the  contents 
of  tho  body-cavity  are  generally  indifferent ;  we  then  find  a  peri- 
visccnil  fluid  (kno^Ti  also  as  chyle)  in  addition  to  the  blood ;  this  is 
always  uucoloured.  Wlieu  the  vascular  system  is  atrophied,  tlio 
fluid  lllliug  the  ecelom  is  frecjucntly  of  a  red  colour  (Glyceridte),  like 
the  blood  of  other  forms, 


Excretory  Organs. 

§  142. 

It  13  quite  uncertain  what  is  the  functiooal  significance  of  a  very 
large  number  of  organs  comprised  under  this  head;  of  others,  how- 
ever, it  is  certain  that  their  secretion  is  a^sentially  similar  to  that  of 
the  renal  organs  of  higher  animals.  But  they  all  have  a  number 
of  common  relations  to  the  organism ^  which  are  of  weight,  although 
the  organs  are  so  differently  connected  that  it  is  impossible  to 
completely  prove  their  homology. 

In  its  more  developed  forms  the  excretory  apparatus  is  a  system 
of  simple  or  branched  canals,  which  opens  to  the  exterior  on  tho 
surface  of  the  body,  and  is  provided  with  internal  orifices  when  a 
coelom  is  distinctly  differentiated;  w^hen  it  is  not,  the  ends  of  tho 
tubes,  or  the  finest  branches  of  the  canals,  are  closed.  When  the 
body  is  not  segmented  there  is  a  single  pair  of  these  organs ;  when 
metamere^  are  formed  this  system  is  segmented.  The  indifferent 
condition  of  the  excretory  organs  is  represented  by  a  pair  of 
ca?cal  tubes,  differentiated  from  the  integument,  and  therefore 
derived  from  the  ectoderm.  Organs  of  this  kind,  which  open  behind 
the  headj  are  known  in  the  Nemertina,  but  the  canal  system  said  to 
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bo  continuetl  from  tliem  requires  to  be  more  closely  examined.  Tlio 
relations  of  the  canals,  wliicli  are  known  as  the  water  vascolor 
system,  are  more  exactly  known  in  most  Platyholmintlies.  They 
have  not  been  observed  in  the  land  Planarians.  In  the  Trematoda, 
and  many  Torbellariaj  two  excretory  canals,  one  on  each  side, 
ramify  in  the  body;  the  chief  trunks  giving  off  fine  branches 
which  traverse  its  parenchyma    (Fig,  80,  ^1  B).     Long    ciHa  are 


Fig.  80.    Diagram  of  the  excretory  organs  of  Platyliolmmtlie8»  ahowing  tlio 
differeat  forms,  which  may  be  derives!  from  one  anotW. 


distributed  on  the  walls  of  the  fine  canals.  The  jiriucipal  trunks, 
which  are  as  a  rnle  somewhat  enlarged,  still  open  in  many 
forms  in  the  anterior  2*egion  of  the  body  (Fig*  80,  A)  (Tristoina 
papillosum).  The  orifice  (porus  excretorius)  is  most  commonly 
placed  towards  the  posterior  region  (D),  where  the  two  vascular 
trunks  approximate  and  unite  at  a  common  orifice.  lu  this  way  a 
terminal  tract j  common  to  both  canals,  is  formed.  This  tract,  which 
is  generally  enlarged,  has  the  form  of  a  contractile  vesicle  (E), 
Vesicles  of  this  kind  may  be  formed  even  on  trunks  which  open 
separately.     They  form  a  third  division  of  the  apparatas. 

In  the  Ceatoda,  the  fusion  of  the  excretory  canals  into  a  single 
porus  excretorius,  placed  at  the  end  of  the  scolcx-body,  which  in  the 
other  Platyhelminthes  is  only  an  acquired  character,  has  apparently 
become  typical.  A  contractile  vesicle  generally  forms  the  point  of 
union*  There  are  generally  a  larger  number  of  principal  trunks—that 
is  four,  six,  or  eight-=-which  either  unite  with  ono  another  by  loops 
in  the  head,  or  merely  curve  round  it,  and  passing  backwards  bi-anch 
again ;  in  this  case  their  more  special  characters  are  similar  to  what 
are  found  in  other  Platyhclmiuthes.  When  the  scolex-form  is 
divided  into  metameres,  the  terminal  portion  of  this  canal  system  is 
apportioned  to  the  oldest  proglottid,  and  the  succeeding  proglottides 
contain  portions  of  the  canals.  At  the  termination  of  the  metameres 
the  longitudinal  trunks  are,  in  many  forms,  united  by  a  circnhir 
canah  As  the  proglottides  break  off,  a  new  porus  excretorius  must 
be  formed  every  time. 

That  part  of  these  organs,  which  is  formed  of  the  finest  eanalsi 
contains  a  clear  fluid  only.  In  the  Tape- Worms,  on  the  other 
hand,  there  are  calcareous  concretions  at  the  enlarged  points,  which 
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appear  to  be  excretory  products.  In  the  Treniatoda  these  con- 
cretions are  collected  into  tho  largo  trunks,  which  contract  and 
drive  thorn  into  tho  terminal  vesicle,  whence  they  are  evacuated  by 
the  poms  excretorius. 

An  anastomoais  of  the  finest  ramifications  of  the  canals  may  bo 
often  mado  out  in  tho  Cestodaj  aa  well  as  in  the  Trematoda  (Distoma 
dimorphnra),  and  may  oven  affect  tho  larger  vessels,  which  either 
bocomo  connected  in  a  siraplo  manner  (into  a  ring  in  Distoma 
rhachJiBum,  and  into  regularly  succeeding  transverse  canals  in  many 
Costoda) ;  or  become  converted  into  a  rich  meshwork,  in  which  the 
chief  tnmks  disappear. 

The  excretory  organs  in  the  Nemathelmintlies,  which  again  may 
be  derived  from  a  cajcal  tube,  are  simpler  in  character.  They  form 
tubes  or  canals,  which  pass  along  the  body  embedded  in  the  lateral 
are£e  (Pig.  Cl,Ar),  Near  the  fore- gut  the  canals  of  either  side  bend 
towards  one  another,  and  unite  into  a  common  portion  of  varying 
length,  which  opens  to  the  exterior  by  a  pore  in  the  ventral  lino. 
Sometimes  these  canals  are  coiled,  and  they  vary  greatly  in  tho 
way  in  which  they  are  connected  with  the  pore.     In  the  Oordiacea 

this  apparatus  appears  to  be  rudimen- 
tary, for  in  Mermis  it  is  simply  repre- 
sented by  a  row  of  cells,  and  Gordius, 
in  which  there  are  no  lateral  tracts,  has 
no  distinct  organ  of  this  kind* 

It  is  doubtful  whether  the  organs 
found  in  the  anterior  region  of  the  body 
in  the  Acanthocephali,  which  are  known 
as  '*  lemnisci/'  belong  to  the  excretory 
system  or  not.  They  form  two  longish 
lamella},  without  a  lumen,  which  are 
processes  of  the  body- wall,  and  like  it 
aro  provided  with  branches  of  canals, 
between  which  dark  granular  masses 
occur, 

§  143. 

When  a  coclom  is  foniied,  the  cha- 
racters of  the  excretory  organs  aro  so 
far  altered  that  the  canals  communi- 
cate with  it  by  internal  ciliated  orifices* 
This  new  condition  must  be  regarded 
as  nothing  more  than  a  modification  of 
the  bhndly-ending  canal  system,  as  it 
has  been  already  described  in  the  PI  a* 
tyhelminthes.  Internal  openings  have 
been  observed  in  the  larva)  of  Trema- 
toda. They  characterise  also  the  ex- 
Rotatoria,  which  is  disposed  in  just  the 
da.     The  canal  system,  which  lies  in  tho 


Fig.  81,  Organ  ilia  tJon  of  a 
BracliioniiB.  ct  CiliatcHl  cephalic 
diiio.  s  Siphon,  m  Maeticatory 
organs,  e  Ol&ndiilar  layer  in  tbo 
vtomaeb.  o  OFary.  u  UteruBi 
oontainiog  an  egg*  o'  Eggs, 
attached  to  tho  root  of  tho  taiL 
0  ExGtetory  canals,  i;  Cotitr&ot  lie 
terminal  veaicle. 


cretory  canal  system  of  the 
same  way  as  in  the  Tremato 


EXCRETOIiY  0RGA]S"8  OF  VEBIVIES. 


IW 


coelom^  or  projects  into  it  from  the  wall  of  the  Ijody,  is  composed  of 
two  trunks  (Fig.  81^  c),  which  in  many  forms  open  by  lateral  branches 
into  the  coelom  (species  of  Notommata).  The  two  principal  canals, 
which  are  often  much  coiled,  either  nnit6  at  the  cloaca,  and  open  by 
it  to  the  exterior,  or  they  pass  into  a  contractile  vesicle  (r),  which 
mnst  be  regarded  as  a  differentiation  of  the  common  terminal  portion 
of  the  two  canaly.  The  internal  openings,  as  well  as  the  lumen  of 
the  two  chief  trunks,  are  here  and  there  provided  with  flagelliform 
cilia,  which  produce  a  trembling  movement.  The  walls  themselves 
may  be  seen  to  he  glandular  in  character,  either  along  the  whole 
length  of  the  canal,  or  in  certain  portions  only  of  it.  In  this  last 
point  a  further  development  of  the  Bimpler  characters  found  in 
the  Platyhelrainthea  ought  very  probably  to  be  recognised,  which 
points  to  a  closer  relationship  with  the  Annelida, 

Echinodercs  also  possesses  two  coiled  excretory  tubes,  but  they 
appear  to  open  separately  in  the  anterior  region  of  the  body. 


§  144. 

In  the  Gephyrea  we  have  to  distinguish  two  kinds  of  excretory 
organs. 

The  first  of  these  is  an  indication  of  the  connection  between  the 
GephyiTa,  and  lower  stages,  for  it  ia 
correlated  with  the  undeveloped — or  if 
developed,  developed  only  externally — 
metamerism  of  the  body.  These  organs 
are  formed  by  tubes  which  open  into 
the  termination  of  the  enteric  canal 
(Fig.  72,  {f)f  and  are  provided^ — at  any 
rate  in  the  cases  where  they  are  most 
exactly  known  (Bonellia) — with  nu- 
merous ciliated  funnels,  which  open 
into  the  ccelom  (Fig,  82,  a).  In  other 
cases  the  branches  with  inteiTial  open- 
ings seem  to  be  wanting  (Echiurus), 
and  in  others,  again,  the  degeneration 
is  complete*  As  similar  characters  may 
be  seen  in  the  Echinoderma,  the  form 
of  excretory  organ,  which  obtains  in 
the  Gephyrea,  appears  to  bo  common 
to  a  large  circle,  and  referable  to  a 
single  typical  form,  whence  it  has  been 
transmitted  to  the  Echinoderma,  as  well 
as  to  the  Gephjrea*  Variety  in  the 
function  of  this  organ  may  be  inferred 
from  its  structure.  The  excretory 
function  is  certain  only  in  Bonellia,  where  the  walls  of  its  branches 
have  a  glandular  character. 

The  other  form  consists  of  paired  tubes,  opening  on  the  ventral 


Fig.  82,     Portion  of  a  bnmch  of 

tho  excretory  organ  of  Bo  no  Ilia 

yiridia.      a   Cilinlod     ox)ei2ingE 

{after  Liicaie-Diitliiers)* 
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surface,  wBich  may  be  derived  from  tlxe  paired  orgaDs  of  similar 
form  in  the  Auoelides,  There  ia  either  a  single  pair  (Sipunculus), 
or  a  few  pairs  (Thalassema,  Steniaspisj  Echiiirus),  in  correspon- 
dence with  the  slight  development  of  metamerism.  Internal  open- 
ings into  the  body-cavity  lie  close  to  the  insertion  of  the  tubes 
into  the  body-wall^  and  in  several  are  of  senrice  in  the  generative 
foDctionj  acting  as  the  dncts  for  the  generative  products.  The 
greater  part  of  the  tube,  that  is  the  caBCal  portion^  which  lies 
behind  the  internal  orifice,  appears  to  have  an  excretory  function  in 
the  Sipuncnlida3j  and  as  a  rule,  is  distingnishcd  by  its  brown  colour.  In 
others  the  whole  tube  serves  merely  as  a  duct  for  the  generative 
system*  In  most  Gephyrea  these  organs  have  each  and  all  similar 
functions,  but  in  some  cases  there  is  a  division  uf  labour  (Sternaspis), 
the  posterior  pair  of  tubes  being  in  counection  with  the  generative, 
and  the  anterior  with  the  excretory,  function ;  so  that  the  difference 
of  function  which  appeara  in  different  genera,  is  here  expressed  in 
the  same  individual. 


§  145. 

So  far  as  the  stmcture  of  the  excretory  organs  is  concerned,  few 
fresh  characters  appear  in  the  Annulata,  The  organs  coiTCPpond 
to  the  metamerism  of  the  body,  for  they  are  regularly  distributed  on 
either  side  of  almost  every  one  of  its  segments.  They  have  therefore, 
though  with  but  little  reason,  been  called  "segmental  organs/'  a 
name  which  is  just  as  suitable  for  many  other  organs.  Each  of 
them  consists  of  a  closely -coiled  or  loop-like  canal  (looped  canals), 

which  has  an  iutemat  opening,  often  pccuhar 
in  foiin  and  always  ciliated,  and  which  at 
the  other  end  opens  on  to  the  surface  of 
the  body.  This  canal  is  sometimes  similar 
in  character  throughout  its  whole  length, 
or  but  slightly  differentiated ;  frequently 
several  segments  may  be  made  out  in  it, 
which  genei'aily  correspond  with  those 
already  described  in  the  Platyhehninthes 
and  Eotatorift.  Tiio  innermost  portion, 
on  which  the  opening  into  the  ccclom  is 
placed,  is  ordinarily  the  longest ;  it  is  dis- 
tinguished by  its  funnel -like  or  rosette- 
shaped  orifice  (Pig*  83).  In  the  next  por- 
tion the  walls  may  be  seen  to  be  glandular 
in  structure*  The  last  portion,  which  is 
frequently  widened,  is  provided  with  a 
layer  of  muscle ;  it  almost  always  opens 
on  to  the  ventral  surface.  These  organs 
are  no  more  purely  excretory  in  function  than  they  are  in  other 
Vermea,  for  we  not  nnfrequently  find  them  entrusted  with  other 
functiom*. 


Fig.  83.     Jiitenial  opGuing  of 

a   looped    eanal   of    Braii* 

chiobdella. 
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In  tlio  Hinidiiiea  tliese  organs  are  preceded^  in  tbo  embryonic 
LStage,  by  three  pairs  of  looped  canals,  which  are  not  connected  with 
^'tliose  formed  at  a  later  stage;  thoy  are  found  in  the  posterior  half  of 
the  ventral  surface.  In  structure  thoy  are  s^imilar  to,  but  sitnpler  than 
the  permunent  canals,  and  disappear  after  these  aro  developed*  This 
most  important  fact  showsi  that  the  looped  canals  of  the  Annulata 
ca.nnot  be  regarded  as  the  direct  homologues  of  the  excretory  organs 
of  the  lower  Vermes ;  at  the  same  time  arises  the  question :  Ai-e  the 
looped  canals  of  those  Annulata,  which  show  no  signs  of  primitive 
organs  of  this  kind,  comparable  to  the  permanent  looped  canals  of 
the  Hirudin ea,  or  only  to  the  primitive  ones  ? 

In  their  more  special  characters  tliere  is  great  variety  among  tho 
Hirudinea,  tho  canals  m  one  division  having  no  inner  opening, 
iTistead  of  this  they  begin  with  a  closed  portion,  of  the  form  of  a 
loopj  which  consists  of  numerous  canals,  united  with  one  another  into 
a  labyrinth  (Hirudo),  From  these  looped  organs  a  single  canal  is 
given  off,  which  opens  by  a  vesicular  enlargement  on  the  surface  of  the 
body  (v.  snpm,  Fig.  61,  B).  In  others  (Clepsine,  Nephelis)  the 
labyrinthine  portion  is  present,  but  it  has  an  internal  opening,  which 
projects  into  tho  lateral  blood  sinuses  of  the  body* 

The  division  of  the  Limicola)  is  remarkable  among  the  Scoleina, 
because  of  the  two  different  conditions  of  its  looped  canals.  Usually 
the  canal  is  much-coiled,  and  the  greater  part  of  it  is  embedded 
in  a  common  mass  of  cells,  and  has  much  the  same  calibre  tlirongbout 
its  course^  The  canals  always  break  through  the  dissepiment  in  front 
of  them  by  the  end  which  carries  the  internal  orifice,  so  that  each  pair 
of  looped  canals  is  connected  with  two  segments  of  the  body.  Ths 
p<irtion  which  leads  to  tho  exterior  lies  in  one,  the  internal  orifice  in  the 
other.  TJiis  form,  which  is  distributed  in  much  the  same  way  through 
the  greater  number  of  the  segments,  is  wanting  in  the  tracts 
occupied  by  the  generative  system.  In  place  of  the  simple  looped 
canals  we  tliere  find  organs  of  greater  complexity,  and  proportionately 
much  more  developed;  in  structure  they  resemble  the  others,  but 
they  function  as  organs  for  tho  excretion  of  the  sperm;  looped 
canals  are  converted  into  seminal  ducts,  The  same  thing  happens 
in  Branchiobdella* 

In  the  Lumbricidie  there  are  none  of  these  physiological  changes. 
But  the  apparatus  is  greatly  complicjited  by  the  marked  development 
of  its  separate  divisions^  as  well  as  by  the  arrangement  of  the  loops. 
Each  canal  forms  several  ascending  and  descending  loops,  closely 
connected  with  one  another,  and  surrounded  by  a  rich  network  of 
blood-vessels.  The  different  portions  have  different  signilicationa. 
The  innermost  portion  carries  the  funnel -like  opening  (Fig,  81,  a), 
tuid  is  followed  by  a  part  {h  h  h)  which  has  transparent  walls,  and  is 
provided  with  cilia  at  various  points.  After  forming  several  loops, 
this  portion  passes,  by  a  change  in  its  walls,  into  another  portion, 
the  lumen  of  which  is  widened  (t/),  and  surrounded  by  cells  with 
finely  granular  contents.  This  portion  also  has  a  looped  course  {d  ), 
and  passes  into  a  wider  part,  which  is  provided  with    musenlaT 
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walla  (e) ;   thisj  after  a  simple  coui'se,  passes  to  the  body- wall  {e '), 

where  it  finds  its  opening. 

In  the  Chaetopoda  simple  forms  of  looped   canals  ate  most 

common,  the  separate  canals  in  them 
forming  sometimes  coiled  bodies, 
and  sometiraes  presenting  a  Tei7 
few  coili^.  The  funnel-like  internal 
opening,  which  has  been  recognised 
in  many,  has  in  some  (Alciopa)  just 
the  same  relations  to  the  septa  of 
the  coelom  ns  it  has  in  the  Scoleina, 
In  many  of  them  the  relation  to  the 
generative  system  can  be  similarly 
recognised. 

lu  addition  to  the  more  secon- 
dary relations  which  the  looped 
canals  of  the  Annelidcs  hayo  to  the 
generative  system,  either  at  certain 
points  only,  or  for  a  gi-eatcr  dis- 
tance, their  relation  to  the  excre- 
tion, as  well  as  to  the  introduction  or 
expulsion,  of  water  must  be  borne  in 
mind.  That  these  organs  have  a  close 
relation  to  the  function  of  excretion 
is  shown  by  the  glandulai-  investment 
of  their  walls,  and  the  glands  which 
open  tlirectly  into  them.  They,  in 
fact,  resemble  the  chief  trunks  of  the 
excretory  organs  of  the  Trematoda* 
A  relation  between  the  perienteric 
fluid  and  the  surrounding  medium, 
either  by  the  outflow  of  the  former, 
or  the  entmnce  of  the  latter,  is 
rendered  possible  by  the  internal 
opening  of  the  looped  canab  From 
the  dn^ection  of  the  ciliary  move- 
ment in  the  canals,  and  at  their 
internal  orifices,  which  is  in  nearly 

all  casea  towards  the  exterior,  it  is  probable  that  solids  also  may 

bo  moved  in   this   direction,      Further  investigation,  however,  is 

necessary  in  order  to  coafirm  this  supposition. 


Fig.  S4>«  A  loopeil  caDul  of  Lum- 
bricu&^Dofc  tcK>  higlily  magmfiod. 
a  Internal  opc?nmg'.  bhh  Clear 
porLloQ  of  the  canal,  arranged  in  two 
doab]o  loop«.  ce  Narrower  portioE 
with  glandular  wallg.  d  Widcnod 
portion,  which  becomos  narrower  at 
d'f  and  at  d"  in  oontiuuod  into  tho 
muficutar  portion,  e.  0'  External 
opomng* 


Generative  Organs, 

§  14G. 

Wo  meet  witli  a  larger  number  of  intermediate  stops  in  the 
Bexual  differentiation  of  the  Vermes  than  in  that  of  any  other 
diviaion.     The  lowest  stages  are  hermaphrodite^  but  this  arrange- 
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ment  is  not  unfreqnently  connected  with  great  complications  io 
comparison  with  wliicli  the  arrangements  seen  in  dioecious  Vennoa 
are  very  simple, 

Tlie  simplest  state  is  seen  in  the  Brjozoa,  the  generativo  pro- 
ducts of  which  are  developed  either  on  the  inner  face  of  the  body- 
wall  from  simple  aggregations  of  cells j  which  giYO  rise  to  seminal 
elements  or  to  ova ;  or  they  arise  on  a  chord  %vhich  extends  from  tho 
enteric  canal  to  the  inner  wall  of  the  body  (funiculus)  {Fig.  71^  n). 
The  mature  genemtiTG  products  pass  into  tho  ca4om,  and  are 
thence  passed  out  into  the  surrounding  water  by  tho  orifico  of 
communication  mentioned  above.  Tho  two  sexes  are  ordinarily 
united  in  the  same  individual^  the  male  and  female  germinal  glands 
being  separate. 

In  all  phylactola3inatous  fresh-wator  Bryozoftj  special  bodies^, 
(statoblasts)  formed  of  an  aggregation  of  colls,  are  developed  in  the 
body-wallj  at  tho  points  where  the  ova  are  formed  ',  thcKo  break  off, 
just  like  the  ova,  and  form  free-living  biid^.  Various  differentiations 
give  rise  to  complicated  shell-structures  around  them, 

§  147. 

Hermaphroditism  obtains  also  in  the  Platyholminthes  generally 
(IVrbellaria,  Trematoda,  Ceatoda),  The  two  groups  of  sexual 
organs  are,  as  a  rule,  united  at  a  common  orifice,  being  other- 
wise separated  from  one  another,  and  embedded  in  the  pureu- 
chyraa  of  the  body.  The  secreting  glands  (testis  and  ovary)  are 
generally  small  and  simple  in  character.  The  excretory  duct 
and  the  glandular  organs  connected  with  them,  as  well  as  tho 
diverticula,  or  pouch-like  appendages  of  tho  former,  w^hich  act  as 
places  for  the  development  of  the  fertilised  ovum,  or  as  receptacles 
for  the  semen,  take  by  far  the  greatest  share  in  the  complication  of 
the  apparatus. 

As  to  the  male  organs,  the  testes  vary  in  nmnber,  and  are 
generally  indistinctly  marked-off  spots  for  the  formation  of  the 
semen,  which  reaches  the  common  duct  by  narrow  seminal  ducts. 
A  widened  portion  of  the  former  has  the  function  of  a  seminal 
yesicle,  and  its  end  is  converted  mto  a  protractile  organ,  which 
serves  as  a  penis, 

Tho  ovary  forms  the  most  important  part  of  tho  female  organs. 
An  organ,  gcnomlly  widely  branched,  is  connected  with  its  ducts — tho 
y  e  1  k  -  g  I  a  n  d  ;  in  t  h  e  1  obules  o  f  this  glan  d  c  ells  are  pro  diiced ,  Th  e  c  el  Is 
of  this  gland  are  nscd  in  building  up  the  embryo^  a  number  oi^  them 
together  w^th  the  egg-ceU  forming  the  egg.  The  origin  of  the  yelk- 
gland  is  probably  to  be  found  in  the  division  of  labour  of  a  primi- 
tively very  large  ovary,  a  portion  only  of  w^hich  has  continued  as 
ovary,  while  the  cells  of  the  other  parts  have  ceased  to  be  ovai-ian 
germs,  but  becoming  surrounded  by  the  products  of  the  fission  of 
the  egg-cells,  are  taken  into  the  future  body  of  the  embryo.  Tlio 
oviducts  and  the  ducts  o£  the  yelk-gland  unite  in  a  canal  of  varyiu: 
length,  w^hichj  according  to  the  number  of  eggs  to  be  developed, 
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either  extraordinarily  long,  or  short  and  siraplej  or  prorided  with 
dirert.iciila.  These  cavities  are  kno^^m  as  uteri ;  for  iu  them  the  egg 
is  not  only  on  closed  in  its  shell,  but  as  a  rule  passes  throogh  the 
early  stages  of  erabryonic  development*  A  diverticulum  of  the 
female  excretory  duct,  which  has  generally  the  form  of  a  stalked 
vesicle^  receives  the  spemi  tloring  copulation.  In  some  cases  there 
is  a  second  diverticulum  also ;  it  serves  apparently  for  the  reception 
of  the  male  organ  {Bursa  copulatrix). 

The  most  important  complications  of  this  system  are  seen  in  the 
parasitic  Platyhelminthes.  The  preservation  of  the  species  is  hero 
subject  to  innumerable  difficulties,  owing  to  the  animal  living  in 
different  hosts  at  dificrent  stages  of  development,  and  to  the 
wanderings  which  this  mode  of  life  entails ;  consequently  a  large 
number  of  ova  have  to  be  produced,  and  the  certainty  of  fecundation 
insured. 

§  148. 

The  more  special  characters  of  this  generative  system  exliibifc 
extraordinary  variation.  The  male  portion 
has,  in  most  Turbellaria  rhabdoccela,  the 
form  of  two  elongated  testicular  tubes,  from 
each  of  which  a  vas  deferens  is  given  off 
(Fig.  85,  t).  In  the  Trematoda,  also,  the 
testicles  arc,  as  a  rule,  but  few,  and  rounded 
or  lobate  ;  these  are  represented  in  the  Tur- 
bellaria deudrocoela,  as  well  as  iu  several 
rhabdocoela  (Macrostoma),  and  Cest<3da  by 
a  number,  and  often  a  very  largo  number, 
of  small  follicles,  scattered  in  the  parenchyma 
of  the  body  (Fig,  80,  f) ;  these  are  connected 
together  by  long  efferent  ducts*  They  may 
fonn  a  single  row  on  either  side  (land  Pla- 
narians).  The  excretory  ducts  either  form  a 
common  vas  deferens,  or  each  passes  sepa- 
rately to  a  terminal  portion,  which  is  con- 
tinued into  the  copuJatory  organ.  The 
common  excretory  duct  forms  the  seminal 
vesicle,  or,  as  happens  in  a  few  eases,  it  is 
formed  by  enlargements  of  the  separate  vasa 
deferentia.  The  copulatory  organ  (Fig.  85, 
p;  Fig,  87,  p'}  is  generally  largo  and  mus- 
cular, and  the  seminal  rosiclo  often  appears 
to  be  an  appendage  of  it.  It  lies  in  a  special 
cavity  leading  to  the  genital  pore  (penial 
sheath  in  Planaria,  bag  of  the  cirrus  iu 
Cestoda  [Fig.  Sii,  d]  and  Trematoda) ;  glands 
are  sometimes  connected  with  it  (Planariii). 
The  copulatory  organ  is,  as  a  rule,  proti'actile,  or  can  bo  everted, 
whereupon  certain  spines  or  hooks  which  lie  oa  its  inner  surface, 


Fig.  85.  6  0  11  e  r  a  1 1 V  0 
Byatom  of  V  o  r  t  e  Jt 
Tiridifl.  t  J^  Tcfitoa*  vd 
Vasa  dcfcrQQtia.  vs  Se- 
minal vogiclo,  p  Pro- 
tractile organ  of  copula- 
tion. 00  Oviirips,  jry 
Yolk-glaQds.  rs  RiKsop- 
tacaliim  ee minis,  v  Va- 
gi im.  H  Utorufi  (after 
M.  Schnltze). 
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in  its  retracted  stato  come  to  lie  on  its  outer  surface.  Most  Platy- 
lielminthes,  except  tlie  Planarii^,  liaTO  tbe  penis  thus  nrined;  it 
appears  to  be  connected 
with  a  more  intimate  copu- 
lation. 


119. 


Fig,  86.  Male  apparaliiF,  with  parts  of  tko 
female,  of  BothryocopliBlua  Intiia  (after 
Landoia  and  Sommer).  a  Testieular  folHclea : 
part  only  aro  reprpaentcd,  ve  Their  fxcretory 
ducts,  rd  Va8  (iefereES,  c  CiiTiis.  tl  Bag  of 
cirrua.     Other  lettern  as  ia  Fig.  87. 


Tliero  are  greater  varia- 
tions in  the  female  appa- 
ratus. The  ovaries  are,  as 
a  rule^  one  or  two  elongated 
tabes  of  no  great  size  (Fig. 
85j  0  I  87j  ov),  in  which  tlio 
ovarian  germ  a  are  formed. 
Where  a  single  oviduct  is 
pi'csent  it  becomes  con- 
nected with  accessurj  parts 
as  it  passes  to  the  genera- 
tive pore,  and  varies  in 
length.  Several  such  may 
UTiite  together  and  form  a 
common  oviduct.  In  most 
Rhahdoca?la,  as  in  the  Ces- 
toda  (Fig.  87,  o^J)  and  Tre- 
laatoda,  the  duct  is  single, 
though  the  ovaries  are 
doable.  It  is  shortest  in 
the  Rhabdoccela,  where,  as  in  most  of  the  Cestoda,  it  has  an  enlarged 
portion,  w^hich  is  clearly  a  receptaculum  semiiiis.  This  organ 
appeary  as  a  unilatcml  diverticulum  of  the  oviduct^  and  gradually 
becomes  distinct.  It  is  still  more  well-marked  when  it  is  attached 
to  the  base,  or  along  the  coai'^e  of  the  oviduct  (Fig,  85,  r  ^),  in  the 
form  of  a  stalked  appendage,  llie  Planariana  have  a  double  ovi- 
duct; as  a  rule,  a  short  portion  only  is  common  to  both  ducts^  and 
functions  as  uterus  or  vagina.  The  oviducts  are  of  some  length  in 
the  land  Planarians,  the  ovaries  of  which  lie  in  the  most  anterior 
parts  of  the  body.  They  may  be  provided  with  short  lateral  branches 
along  their  course,  which  open  into  lacunar  spaces  of  the  coelom 
(Bipalium).  This  peculiar  character  raises  the  question  as  to 
w^hether  these  ciliated  oviducts  are  parts  of  another  system  of 
organs ;  for  there  is  no  reason  for  supposing  that  ovarian  tubes 
have  degenerated  so  as  to  form  these  b  a  ck  ward  ly- directed  hit  end 
bran  dies.  Their  open  mouths  forbid  us  to  suppose  that  theiH) 
has  been  any  such  process.  These  mouths,  indeed,  point  to  an  excre- 
tory organ  having  here  entered  into  the  service  of  the  generative 
function. 

When  yelk -glands  are  connected  with  the  ovary  they  appear 
as  tw^o  or  more  arborescent^  ramified,  or  lobate  organs  {Fig.  73,  gv), 
rnul  are  often  widely  spread  out  through  the  parenchyma  of  the 
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body  (Fig.  87,  d).     Their  excretory  ducts  come  together  from  all 
sides  and  form  with  the  oYiduct  a  single  common  portion  {d). 

Special  portions  of  the  oviduct  function  as  a  Uterus,  by  which 
name  parts,  very  different  morphologically,  are  known.    In  general 

three  different  kinds  of  such 
uterine  organs  can  be  made 
out  in  connection  with  the 
oviduct.  In  the  first  the 
oviduct  itself  ib  ui^ed  for  this 
purpose  s  and  then  it  is  not 
only  widened,  but  also  greatly 
elongated,  so  that  it  has  the 
form  of  a  coiled  tnbe,  which 
traverses  the  body  several 
times.  This  arrangement  is 
found  in  the  Trematoda,  and 
also  among  the  Cestoda  (Trioa- 
nophonis,  Ligula,  Bothryo- 
cephnlus)  (Fig.  87,  u).  A 
second  form  is  represented 
by  latenil  diverticula,  or 
punch-like  appendages  on 
the  course  of  the  oviduct  5 
this  is  found  in  a  few  Rhab- 
doccohi  and,  in  a  more  com- 
plicated form,  in  most  Tape- 
Worms.  In  the  TiBniatla?  a 
tube  passes  from  the  duct, 
near  the  opening  of  the 
yolk-gland,  along  the  middle 
lino  of  a  sexually -matum  proglottis,  and  forms,  according  to  the 
qaantity  of  ova  in  it,  a  number  of  arborescent  branches.  Finally, 
a  third  kind  is  fonned  by  appendages,  which  are  fountl  only  on  the 
end  of  the  oviduct,  or  rather  in  the  vestibule  connnon  to  the  organs 
of  both  sexeSj  and  close  to  the  genital  pore.  This  occurs  in  most 
Turbollaria  (Fig.  85,  n)  ;  in  the  Rhabdoccela  there  are,  as  a  rule, 
two  such  ntenno  pouches,  which  are  considerably  distended,  and 
which  may  bo  branched,  if  they  have  to  servo  for  the  reception  of 
a  large  number  of  ova.  In  the  Dendrocoela  there  is  either  only  one 
such  uterus,  opening  into  the  vestibule,  which  in  them  is  greatly 
distended ;  or  it  is  altogether  wanting,  when  the  two  oviducts  take 
on  its  function  (Leptoplana) .  The  size  and  the  number  of  the  ova, 
which  become  mature  and  get  their  envelope  at  one  time,  is  always 
in  close  connection  with  the  condition  of  the  organ  which  acts  as 
uterus. 

A  terminal  portion  of  the  oviduct  is  likewise  frequently  diflFer- 
entiated  into  a  special  canal,  known  as  the  ''  vagina  ;  ^*  in  some 
cases  this  is  further  provided  with  an  appendage  whit;h  has  the 
function  of  a  '^  bursa  copulatrix.*' 


Pig.  87.  Goncralive  or^ni  of  Bothryo 
oephaluB  latcia  (after  Luudoifl  and  8omnier). 
Female  portion  of  the  ay  stem,  v  Vaginal  canal. 
r'  Ita  mouth,  u  Utems  (with  ovr).  u-  Ita 
mouth,  oy  Ovary,  od  Oviduct,  f^l  Shell- 
j^rlanrls.  *J^  Yolk-glftuds  (part  only  is  shown)* 
fl'  Dtiot  of  yolk-glnnd.    0  Tasoular  trunks. 
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A  large  number  of  unicellular  glands  are  attached  to  the  point 
where  the  ducts  of  the  yelk-gland  and  the  oviduct  unite,  in  Trema- 
toda  (Distoma,  Polystomum,  Amphistoma)  and  Cestoda  (Bothryo- 
cephalus.  Taenia).  This  group  of  glands  is  known  as  the  shell-gland, 
and  its  secretion  serves  to  form  the  investment  of  the  ova  (Fig.  87,  gl). 
In  addition  there  is  in  the  Bothryocephali  and  many  Trematoda  a 
special  canal  at  this  point,  which  opens  cither  into  the  sinus  genitalis, 
as  in  the  former,  or  on  the  dorsal  surface  of  the  body,  as  in  Distoma 
hepaticum :  it  evidently  functions  as  a  vagina,  as  it  has  been  found 
full  of  sperm  (Fig.  87,  v).  This  second  communication  between  the 
female  organs  and  the  exterior  makes  it  possible  for  impregnation 
to  take  place  without  interfering  with  the  gradual  evacuation  and 
deposition  of  the  ova.  In  this  double  opening  of  the  female  organs 
we  may  perceive  an  indication  of  the  primitive  double  nature  of 
the  whole  system. 

The  influence  of  a  change  in  the  external  conditions  of  life  upon 
the  genital  apparatus  in  the  case  of  Polystomum  (P.  integerrimum) 
furnishes  an  instructive  example  of  the  capacity  for  adaptation  of 
an  organ  in  full  function,  and  therefore  presumably  mature. 
The  diange  is  one  of  abode,  and  results  in  an  increased  pro- 
duction of  generative  matters,  and  the  correlative  appearance  of  new 
parts  in  the  generative  apparatus. 

§  150. 

We  know  as  yet  very  little  as  to  the  way  in  which  the  herma- 
phrodite apparatus  acts  in  copulation.  In  many  cases  there  are 
arrangements  favourable  to  self -impregnation. 

The  genital  pores  differ  in  position  in  the  various  divisions  of 
the  Platyhelminthes.  In  most  cases  the  generative  organs  open  in 
the  ventral  median  line,  sometimes  very  far  forwards,  just  behind 
the  oral  sucker,  as  in  many  Trematoda  (Distoma,  Gyrodactylus,  etc.), 
and  sometimes  nearer  the  hinder  end  of  the  body  (Turbellaria),  or 
even  quite  at  that  end  (Distoma  macrostomum).  Among  the  Cestoda 
also  the  ventral  position  is  not  uncommon  (Ligula,  Bothryo- 
cephalus) ;  in  most  cases  the  genital  pore  is  a  flattened  depression 
on  the  lateral  edge  of  the  proglottides,  placed  alternately  on  one 
and  the  other  lateral  edge.  The  fact,  that  in  some  Cestoda  (Taenia 
elliptica,  T.  cucumerina)  there  are  two  symmetrically-disposed  gene- 
rative systems  in  each  proglottid,  is  important  as  bearing  on  the 
meaning  of  this  want  of  symmetry,  which  obtains  even  in  some  Trema- 
toda (Tristoma).  The  unilateral  condition  may  be  regarded  as  the 
remains  of  a  primitively  double  arrangement;  it  was,  then,  only 
gradually  that  the  system  of  one  side  got  to  predominate  over  the 
other,  and  led  to  that  relation  of  parts  which  is  now  the  most  widely 
distributed — ^the  unilateral  development  of  the  generative  system. 

There  is,  with  but  few  exceptions,  only  a  single  genital  pore 
in  the  rhabdocoelous  Turbellaria,  the  male  and  female  organs 
both  leading  to  it.    In  the  dendroccclous  forms  the  orifices  become 
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separated,  owing  to  the  development  of  a  veHtibule.  In  most 
of  the  marine  Planaria  they  are  completely  separated,  and  there 
is  a  donble  genital  pore,  the  male  one  lying  in  front  of  the  female. 
In  most  of  the  Trematoda,  too,  the  openings  of  the  genital  organs 
are  distinct,  although  placed  close  to  one  another.  The  same 
arrangement  is  seen  in  the  Cestoda.  Even  in  those  cases  where  the 
bag  of  the  cirrus  and  the  vagina  open  into  a  genital  pore,  this  latter  is 
only  a  flat  pit,  walled  in  by  the  integument.  In  other  cases  the  two 
pores  open  directly  on  to  the  surface,  though  close  together.  Or 
we  have  the  noteworthy  provision  of  a  second  female  opening,  with  a 
vaginal  duct,  as  already  described.  Finally,  the  two  apertures  may  be 
still  more  separated,  the  male  organ  opening  on  the  lateral  edge,  and 
the  female  on  the  surface  of  the  proglottid. 

The  two  kinds  of  organs  are  sometimes  unequally  developed  in  one 
and  the  same  individual ;  in  the  Bhabdoccela  especidly  the  sexes  are 
separated,  the  two  organs  being  unequal  in  different  individuals;  in 
one  the  female,  and  in  another  the  male  organs  are  most  developed, 
while  the  organs  of  the  other  sex  remain  rudimentary  (Convoluta). 
These  important  examples  show  us  how,  by  the  continued  atrophy  of 
one  organ,  dioecious  forms  are  derived  from  hermaphrodite  organisms. 
The  process  here  observed  in  statu  nascenti  is  complete  in  other 

Turbellaria.  The  Microstomeae  have  the 
sexes  separate,  as  have  also  some  Planarite 
and  Trematoda.  The  generative  system 
is  simplified  in  the  Nemertina,  which  are 
almost  always  dioecious.  The  various 
divisions  of  the  excretory  ducts  and  of 
the  accessory  organs  are  absent.  The 
testes  and  ovaries  are  the  only  parts  which 
are  distinctly  recognisable.  In  some  (Pro- 
rhynchus)  these  organs  occur  singly  in  each 
individual  (Fig.  67,  ov),  and  so  call  to  mind 
the  rhabdocoolous  Turbellaria.  In  others, 
however,  there  is  a  large  number  of  fol- 
licles on  either  side  of  the  enteric  canal; 
they  have  no  direct  connection  with  one 
another,  and  being  arranged  regularly  in 
pairs  along  the  body  are  evidence  of  meta- 
merism. 

§  151. 

In  the  Nematodes  hermaphroditism  is 
a  rare  exception.  As  a  rule  the  sexes  are 
separate.  Both  kinds  of  organs  consist  of 
tubes  embedded  in  the  coelom  and  open- 
ing on  to  the  surface.  The  organs  of  the 
female  system  are  very  generally  paired. 
ITiis-is  less  common  in  the  case  of  the  male  organs.  The  double 
opening  observed  in  some  few  cases  also  speaks  to  the  primitively 


Fig.  88.     Femalo  generative 
organs  of  Asoaris  Inmbri. 
coides.  01*  Oyaries.    Jo  Ovi- 
duct.  K  litems,   r  Vagina. 
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double  ctaracter  of  these  parts.    But  this  would  also  be  the  result  if 

the  two  tubes  were  separated  from  one  auother  in  adaptatiou  to  the 

elongated  form  of  the  body.     The  blind  termiDnl 

portion  of  the  generative  tubes  serves  as  an  ovary 

or  ta^tisj  the  remaining  portion  as  an  efferent  organ, 

adapted  to  different  arrangements  in  different  partsj 

and  variously  differentiated. 

The  male  generative  tube  is  a  simple  one,  open- 
ing on  the  ventral  face  of  the  bind-gut ;  in  the  larger 
spucies  it  is  several  times  coiled.     It  is  only  by  its  ||| 

epithelial  in  vestment  that  the  terminal  portion, 
which  13  generally  of  some  lengthy  is  distinguished 
from  the  excretory  duct,  and  seen  to  be  a  testis ;  a 
widened  portion,  or  seminal  vesicle  of  the  ductus 
ejaculatoriuSj  is  sometimes  added  to  the  duct.  Two 
fine,  and  sometimes  very  long,  chitinous  rods 
(spieula)  are  developed  in  the  cloacal  portion  of  the 
hind-gat,  and  serve  as  copuhitory  organs. 

The  female  generative  tubes  are,  as  a  rule, 
double,  and  are  either  separate,  except  at  their 
orifice,  or  have  their  terminal  poHions  united  into  j  .' 

a  common  tract.  The  tubes  are  more  or  less 
coiled,  according  to  their  length.  The  terminal 
portion  is  to  be  regarded  as  an  ovary  (Fig.  88,  ov), 
from  which  a  portion  which  is  ordinarily  wider  leads 
into  a  canal  known  as  the  uterus  («),  and  this  opens 
by  a  narrow  vagina.  The  female  generative  pore 
is  always  ventral  in  position,  in  front  of  the  anus, 
and  generally  about  the  middle  of  the  long  axis  of 
the  body.  The  increase  in  number  of  the  female 
generative  tubes  to  five,  with  the  atrophy  of  one 
of  the  two  primitive  ones,  gives  rise  to  changes  in 
the  form  of  the  apparatus  ;  this  is  more  marked 
when  particular  regions  are  specially  differentiated. 
The  same  thing  happens  to  the  male  organs.  In 
some  cases  the  terminal  portion  of  the  ovary  func- 
tions as  a  yelk-gland  (Leptodera). 

Mermis,  at  any  rate,  among  the  Gordiacea,  re- 
sembles the  other  Nematodes  in  the  characters  of 
its  generative  organs.  In  Gordins  the  excretory 
ducts  of  the  paired  genu- glands  are,  in  both  sexes, 
united  with  the  hind-gut.  This  happens  in  male 
Nematodes  only. 

In  the  CliEetognathi  (Sagitta)  the  arrangement 
is  somewhat  different ;  owing  to  their  hermaphro- 
ditism, and  the  way  in  which  the  organs  are  dis- 
posed, we  cannot  compare  them  very  closely  with  other  divisions. 
The  male  and  female  generative  glands  be  at  the  sides  of  the  pos- 
terior ends  of   the  body ;   the   testes  lie  behind   the  ovaries,  and 


Fig.  89.  A  Sji- 
gitl&  with  its 
gen  erat  i  V  e  orga  tig, 
cj  Ovmry.   f  Teatwfl, 

i  Enteron.  p  Fina. 
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occupy  the  extreme  end  of  the  body.  Each  opens  into  a  short 
excretory  duct,  which  is  directed  forwards,  and  is  continued  for 
some  distance  on  the  surface  of  the  body ;  it  is 
often  found  distended  with  spermatozoa,  and  so 
functions  as  a  seminal  vesicle.  According  to 
the  extent  to  which  their  contents  are  developed 
the  ovaries  project  more  or  less  into  the  coelom. 
r  ^  ^  They  pass  from  before  backwards,  and  open  to 
"''  the  exterior  by  a  short  and  projecting  tube,  with 
which  a  receptaculum  seminis,  placed  beside  the 
Qvary,  is  connected. 

§  152. 

The  generative  organs  of  the  Acanthooephali 
are  very  peculiar,  a  higher  stage  of  development 
being  implied  by  the  separation  in  them  of  the 
sexes.  A  chord  (ligamentum  suspensorium)  tra« 
versing  the  anenterous  coelom  carries  seminal 
organs  in  the  male,  and  ovarian  organs  in  the 
female.  The  testes  are  two  rounded  glands, 
which  lie  one  above  the  other;  a  vas  deferens 
passes  off  from  each  of  them  to  the  posterior  end 
of  the  body,  where  it  opens,  in  company  with  a 
number  of  tubular  glands,  into  the  copulatory 
organ.  This  consists  of  a  sucker-like  structure, 
in  the  centre  of  which  lies  a  conical  process — 
the  true  penis.  This  apparatus  can  be  protracted 
and  retracted.  In  copulation  it  embraces  the 
similarly-shaped  posterior  end  of  the  female's 
body.  The  ova  are  developed  in  an  ovary  (o) 
which  accompanies  the  chord-like  axis  (Fig.  90, «), 
and  is  either  placed  on,  or  is  partly  enclosed  by, 
it.  The  ova  escape  into  the  coelom,  and  are 
taken  up  by  the  mouth  of  a  wide  bell-shaped 
organ  (g),  which  projects  inwards  from  the  hinder 
end  of  the  body,  and  leads  into  the  short  uterus, 
which  opens  externally  by  a  narrow  vagina. 

§  153. 


\^\  /iD  I 


Fig.  90.  PoBteripr 
portion  of  the  female 
generative  organs  of 
Echinorhjnchns. 
0  Ovary.  8  Ligamen- 
tarn  Baspensorion), 
g  BelUshaped  organ, 
f  Funnel.  ^'Terminal 
portioi)  of  the  ovi- 
duct. The  arrows 
indicate  the  coarse 
taken  by  the  ova,  as 
they  pass  to  the  ex- 
terior (after  Qreeff), 


In  the  arrangement  of  their  generative  organs 
the  Hirudinea  closely  resemble  the  Platyhelmin- 
thes,  and  especially  the  Trematpda  and  Turbel- 
laria  dendrocoela.  This  does  not  apply  only  to 
their  hermaphroditism,  but  to  the  double  cha- 
racter of  their  germ-glands,  which  are  ordinarily  arranged  symmet- 
rically ;  and  also  to  the  position  of  the  orifice  oi  the  whole  system, 
which  is  placed  in  the  ventral  median  line.  The  position  of  the 
male  genital  pore  in  front  of  the  female  is  a  repetition  of  the 
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arrangement  wliicli  obtains  in  the  marine  Planarians.  There  is 
always  a  krger  number  of  germ-glands  (5-12  pairs :  t)  for  the  male 
orgau  {Fig.  91) ;  they  correspond  to  a  number  of  metameres,  are 
rounded  bodies^  and  are  arranged  serially  on  either 
side.  A  duct  leads  from  each  to  a  laterally-placed 
vas  deferens  (vd),  which  widens  internally,  and  be- 
comes much  coiled  in  front  of  the  first  pair  of 
testes  (vs).  From  this  coiled  portion  a  terminal 
piece^  accompanied  by  its  fellow  of  the  opposite 
side,  passes  to  the  genital  pore.  A  large  number 
of  glandular  tubes  Q)  join  the  united  efferent  ducts, 
and  not  unfrequently  form,  as  in  the  Planariae,  a 
large  mass  of  acini  (Clepsine).  Either  the  two 
terminal  tracts  of  the  vas  deferens  function  as  copu- 
latory  organs,  and,  together  with  a  portion  of  the 
gland  which  surrounds  them,  project  from  the  body 
in  the  form  of  a  vesicle  (Clepsine,  Piscicola) ;  or 
there  is  a  special  copulatory  organ,  which  receives 
the  ends  of  the  seminal  vesicle.  In  this  case  (San- 
guisuga,  Ha^mopis,  etc.)  the  portion  formed  by  the 
union  of  the  two  seminal  ducts  is  developed  into 
a  strong  muscular  organ  (p),  the  thinner  end  of 
which  forms  a  short  penis.  As  in  the  Planariae 
and  Trematoda,  this  lies  in  a  penial  pouch,  which 
opens  at  the  genital  pore,  and  from  which  it  can 
be  protruded  during  copulation. 

The  female  organs,  also,  of  the  Hirudinea  re- 
semble in  many  points  the  organs  of  several  Pla- 
tyhelminthes  (marine  Planariee) .  The  ovaries,  which 
in  the  latter  are  scattered  through  the  body,  are 
hero  formed  by  two  rounded,  tubular,  or  lobate  organs  (o),  which 
lie  near  the  middle  line  of  the  body,  just  behind  the  male  efferent 
organs.  In  some  they  open,  merely  by  a  short  oviduct,  at  the 
female  genital  pore  (Leeches  with  a  proboscis).  In  others  the 
efferent  ducts  are  separated.  The  narrow  oviducts  give  rise  to  a 
longer  common  tract  (Hirudo).  The  common  duct,  the  several  coils 
of  which  are  held  together  by  a  glandular  layer,  then  widens  into 
a  vagina  at  the  terminal  portion  of  the  efferent  duct  (w). 


Fig.  91.  Genera- 
tive organs  of  a 
Leech,  t  Testes. 
vd  Vas  deferens 
commune,  vs  Coiled 
portion  of  the  semi- 
nal dact,  analogous 
to  a  seminal  vesicle, 
p  Penis,  g  Glands. 
0  Ovaries,  u  Va- 
gina. 


§  154. 

In  the  Scoleina  the  organs  lie  in  the  anterior  metameres,  generally 
occupying  the  tract  between  the  eighth  and  fifteenth.  Two  different 
types  of  the  sexual  apparatus  are  to  be  distinguished.  One  is  well 
marked  in  the  Terricote,  and  is  characterised  by  the  independence 
of  the  efferent  organs.  The  male  part  of  the  system  in  the  Lum- 
bricidsB  is  formed  by  two  pairs  of  testes,  which  are  connected  with 
wide  sacs,  in  which  the  elements  of  the  semen  are  further  developed. 
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Fig,  92.  Generative  orRaaa  of  the  Earth-W^orui.  Tbe 
portion  of  tho  hady  which  contsiiits  thoao  organs  in  opened 
from  abovo*  and  tho  walla  ni-e  laid  oat  on  oitber  Hide. 
Segmente  Vltl.-XV,  are  flgm-ed.  n  Veal  ml  fcanfC^io"io 
chain.  »  b  '  *"  Divcrticala  of  the  testes,  vd  Their  efreront 
ducts,  0  Ovaiy.  ad  Ovarian  duota.  rs  Keceptucuhim 
Beuiiniii  (after  Ilcring). 


Each  pair  of  testes  has  a  seminal  vesicle  of  this  kind  (Fig.  92,  s'h"), 
which  i.s  placed  across  the  middle  liuej  and  is  further  provided  with 

lateral  diverticula* 
In  each  of  these, 
two  funnel -shaped 
organs  are  placed, 
which  are  con  tinned 
laterally  into  the 
seminal  ducts.  The 
two  somiual  ducts 
of  either  side  unite 
into  a  com  in  on  duct 
(vd)j  which  extends 
backwards,  and 
opens  laterally  on 
the  ventral  surface. 
In  the  same  meta- 
01  ere  there  are  two 
protractile  copiila- 
torj  organs,  de* 
Yeloped  from  mo- 
difications of  the 
setigerous  follicles* 
Tlie  ovaries  (o)  are  the  smallast  organs  of  the  female  portion  of  tho 
generative  system.  They  lie  hehind  the  second  pair  of  testes  and 
on  each  side  of  tlie  ventral  nerve-chord.  Behind  them  two  ovi- 
ducts {ad)  are  attached  to  a  dissepiment,  and  begin  by  two  wide 
abdominal  ostia  j  they  pass  to  the  exterior  by  a  short  canal  placed 
in  the  segment  in  front  of  the  openings  of  the  nialo  organs.  Several 
pairs  (generfilly  two)  of  seminal  pouches  (receptacula  seminis)  (ns) 
are  also  present.  They  are  largCj  rounded  organs,  which  Ho  near 
the  testes,  and  open  by  a  short  duct,  without  having  any  close  rela- 
tions to  tlje  male  apparatus.  The  paired  character  of  the  genital 
pores,  tho  position  of  the  female  one  in  front  of  the  male,  and, 
finally,  the  connection  between  the  testes  of  either  side,  form  an 
arrangement  which,  so  far  as  is  yet  known,  has  not  its  like  among 
living  allied  forms. 

Even  in  the  Limicohe  the  organisation  is  different.  The  two 
kinds  of  generative  organs,  which  are  here  also  present  in  one 
individual,  have  no  proper  efferent  ducts.  We  may  suppose  that 
the  ay.^tem  of  oviducts,  seminal  duets,  and  seminal  vesicles,  which  is 
found  in  the  Lumbricidr©  is  not  developed  in  them,  so  that  there 
are  only  ovaries,  testes,  and  receptacula  seminis.  So  far  as  we  can 
Bee  at  present,  some  of  the  looped  canals  (cf.  p,  177),  which  in  the 
Lumbricida3  have  nothing  to  do  with  tho  generative  system,  hero 
form  tho  efferent  ducts  for  the  reproductii;re  matters,  and  undergo 
changes  in  correspondence  with  this  function.  Parts  of  the  dis- 
sepiments function  as  germ-glands,  on  which  the  gcnemtivo 
products  when  undeveloped  generally  form  i>aired  saccular  diver- 
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ticula  Tvliich  project  far  into  tlio  cavity  of  the  coelomj  and  often 
extent!  througli  several  segments*  As  a  rule  there  are  seveml 
(as  many  as  four)  testes  in  different  metameres.  There  is  generally 
only  one  pair  of  ovaries.  As  these  laterally-placed  organs,  pst 
like  the  testes^  force  their  products,  when  a  large  quantity  is 
developed,  through  several  metameres,  they  seem  to  surround  the 
unpaired  testes  (Tubifex).  When  the  generative  matters  break  off 
from  their  point  of  origin  they  float  in  the  coelom.  In  some 
{Enchytrteus)  a  number  of  ovarian  germs  break  off  together  in  a 
mass,  of  which  one  ovum  only  comes  to  maturity. 

The  efferent  ducts  for  the  semen  are  formed  from  the  already- 
mentioned  looped  canals,  a  pair  of  which  are,  as  a  rule,  converted  to 
tliis  purpose :  these  generally  undergo  modifications  iu  size.  Tho 
funnel-like  internal  orifice^  just  as  in  the  case  of  ordinary  looped 
canals,  lies  in  the  next  preceding  segment.  The  canal  continued  from 
it,  which  is  generally  distinguished  by  its  large  supply  of  cilia,  passes, 
after  several  coils^  to  the  terminal  portion,  which  opens  to  the 
exterior;  a  largo  lobed  glandular  organ  is  attached  to  it.  llio 
terminal  portion  anteriorly  to  its  orifice  forms  an  ampulla^  into 
which  the  tube  is  invaginated  for  some  distance,  and  from  which 
it  may  bo  protracted,  so  that  it  serves  as  a  copnlatury  organ.  The 
excretory  ducts  of  the  ova  are  either  special  oviducts,  similarly  derived 
from  modified  looped  canals^  or  they  are  functionally  connected  with 
the  seminal  ducts.  In  this  case  the  enlarged 
terminal  portion  of  the  latter  consists  of  a 
double  tube,  the  internal  portion  is  the  con- 
tinuation of  tho  seminal  duct,  and  the  external 
portion  which  surrounds  it,  fuuctions  as  nu 
oviduct.  Branch iobdel la  also  conforms  to  this 
type* 


155. 


The  generative  system  of  the  Chfotopoda 
is  very  much  like  that  of  the  lower  division  of 
the  Scoleina.  Only  iu  a  few,  however,  docs 
Ijennaphroditism  persist,  and  sexual  separation 
has  become  the  rule  coincidently  with  a  more 
free  habit  of  life.      The  generative  products 

rise  in  the  walls  of  the  body-cavity,  as  is  also 

le  case  in  the  Gephyrea.  As  a  rule,  the 
places  at  which  the  ova  or  the  pperai  is  de- 
veloped are  merely  distinguished  by  the  pre- 
sence of  these  products  (Fig.  98,  o)  ;  they  have 
no  special  cliaracters,  and  are  tlierefore  dis- 
tiDguishable  only  at  the  time  when  they  are 
functionally  active.  They  are  developed  at  the 
same  points  in  tho  same  genera  or  species; 
thus,  for  example,  in  Eunice  they  lie  at  the  Elides  of  tho  ventral 
nerve-chord.     In  a  few  cases  they  are  limited  to  a  small  number  of 


Fig,  93.  A  parapo- 
dium  of  T  o  m  o  p  t  e  i'  i  B. 
SB  Scale-liko  fommtiona 
of  die  iotcgamont,  which 
arise  froin  two  procGB«eg| 
homologoQB  with  tho 
yentral  and  dorsal  para- 
podift  of  other  jlnncUds. 
o  Ovary:  a  collectiou  vi 
cells  from  which  tho  ova 
are  developed. 
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segments,  as  in  the  SJcoleina.  The  gonerative  products  formed  on 
the  wall  of  the  body  break  off  when  they  become  mature ;  or  they 
become  free  whilst  still  unripe^  and  fltiat  in  the  ccrlom  {Fig.  03),  in 
which  they  further  devekrp,  The  looped  canals  here  also  serFO 
as  efferent  dncts  for  both  male  and  female  generative  matters  j  but 
this  matter  needs  more  careful  inyestigation.  Even  in  tho  Gephyrea, 
as  hag  been  remarked  above  (§  14t),  the  organs  which  in  them  ai^ 
the  homologues  of  the  looped  canals  aid  in  the  generative  function, 
and  present  still  more  remarkable  modifications ;  which  require  to 
bo  more  closolj  examined, 

A  special  place  must  be  assigned  to  the  generative  organs  of  the 
Rotatoria.  They  have  nothing  in  common  with  those  of  Chmtopoda 
save  their  dioecions  character,  and  they  are  distinguishod  from 
them,  as  from  all  Annnlata,  by  the  fact  that  they  are  not  mcta- 
merically  repeated.  The  sexes  differ  not  only  in  the  characters  of 
their  reproductive  organs,  but  alao  by  the  rest  of  their  organisation. 
The  males  are  not  only  smaller  in  size,  but  several  of  their  systems  of 
organs  aro  atrophied,  especially  the  enteric  canal.  The  testis  consists 
of  a  single  tube,  which  opens  at  the  hinder  end  of  the  body ;  accessory 
glandular  tubes  are  sometimes  connected  with  it.  In  the  fenmle,  the 
ilattened  ovary  is  ventral  in  position,  and  opens  into  the  cloaca  by 
means  of  a  short  oviduct.  Parts  of  the  duct  are  widened  and  serve 
as  receptacles  for  the  eggs;  it  thus  forms  a  uterus,  and  in  some 
species  the  eggs  are  developed  into  embryos  before  they  leave  it. 


§  156, 

The  generative  products  have  tho  same  fonn  in  most 
divisions  of  the  Vermes.  The  egg  is  represented  by  a  more  or  less 
modified  cell.  In  the  Nemathelminthes,  the  ova  are  formed  in  a 
pccnliai'  manner;  tliey  are  budded  off  from  a  common  nucleated 
chord  of  protoplasm,  which  forma  the  contents  of  the  tubular  ovary. 
A  largo  number  of  eggs  are  produced  at  one  time,  while  the  rest  of 
the  protoplasm  forma  the  axis  of  the  chord  (the  rhachis),  and  is 
surrounded  by  wedge-shaped  ovarian  buds.  Tho  same  thing 
happens  in  the  Hiradinea;  the  ovaries  of  Ha3mopis  contain  a 
coiled  filament,  which  corresponds  to  this  rhachis ;  and  on  this 
the  ovarian  germs  are  budded,  Tho  ova  are  connected  ivith  the 
filament  by  a  tliin  envelope,  which  is  drawn  out  into  a  stalk. 
In  Nephelis  there  is  no  choi*d,  and  tho  ovarian  germs  form  groups 
of  cells.  In  all  forms  which  have  a  yelk-gland  it  is  not  tho  egg-cell 
only  which  forms  the  niaterial  for  the  development  of  the  embryo, 
but  this  is  supplemented  by  the  products  of  the  yelk-gland — yelk- 
cells  {cf.  5  1 1-?)*  The  structure,  therefore,  which  appears  to  be  tho 
egg  consists  in  them  of  a  complex  of  cells,  one  only  of  which  has 
retained  the  value  of  an  egg-cell.  In  almost  all  cases  they  are 
surrounded  by  an  investment,  %vhich  varies  greatly  in  character.  In 
some  it  is  a  layer  of  albumen  only,  in  others  this  layer  is  smTonnded 
by  a  hard  shell. 
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The  form-elements  of  the  sperm  are  generally  rounded  or 
elongated  bodies,  from  which  a  fine  movable  flagellum  projects. 
The  Nematodes  again  are  peculiar  in  this  matter;  their  seminal 
elements,  like  the  ova,  being  budded  off  from  a  rhachis.  The  colls 
thus  formed  increase  in  size,  and  form  cell-like  bodies,  which 
perform  amoeboid  movements,  but  do  not  develop  a  flagellum. 

In  many  Annulata  the  seminal  filaments  are  united  into  masses 
of  definite  form  (spermatophores)  in  special  parts  of  the  male 
efferent  ducts ;  these  are  passed  as  such  into  the  female  apparatus. 
Many  Scoleina  have  spermatophores  of  this  kind,  which  are  merely 
formed  by  agglutinated  seminal  filaments  (Tubifex).  In  the  Hiru- 
dinea  the  spermatophores  are  provided  with  a  special  covering. 


Fourth  Section. 


Echinoderma. 

General    Review. 

§  157. 

The   Echinoderma   form  a   strictly -defined   and    independent 

rup,  owing  to  the  well-marked  development  of  a  special  type, 
is  distinguished  from  the  Coelenterata  by  the  differentiation 
of  the  enteric  canal  and  formation  of  a  perienteric  cavity  (coelom). 
The  calcification  of  the  integumentary  layer  (perisomo),  which 
encloses  this  body-cavity,  and  the  radiate  arrangement  of  the 
body,  which  consists  of  more  than  two  antimeres,  affords  a  fairly 
sharp  boundary  between  it  and  the  higher  divisions.  This 
difference  between  the  fully-developed*  form  of  the  Echinoderma 
and  that  of  the  other  types  does  not  obtain  in  the  larval  stages, 
so  that  in  these  we  can  make  out  genetic  relations  with  the  other 
types.  These  are  the  more  to  be  insisted  on,  as  the  actinoid  type 
of  the  Echinoderma  was  regarded  as  a  reason  for  uniting  them  and 
the  Coelenterata  into  a  large  group — that  of  the  Badiata ;  a  union 
which  on  close  examination  cannot  be  justified.  Such  a  union  is 
inconsistent  with  the  close  relationship  between  them  and  the 
Vermes,  especially  the  Annelides  and  Grephyrea.  The  observation 
that  the  internal  as  well  as  the  external  organisation  of  the  Echino- 
derma gives  evidence  of  metamerism,  has  further  justified  their 
separation  from  the  Coelenterata,  and  has  given  rise  to  the  hypo- 
thesis propounded  by  Hackel,  which  regards  the  Echinoderma  as 
derived  from  colonies  of  worm-like  organisms. 

The  larval  form  of  the  Echinoderma  agrees  exactly  with  the  larva 
of  the  Vermes.  Here,  as  in  many  of  the  latter,  a  new  organism  is  built 
up  within  the  body  of  the  larva.  But  radial  gemmation  takes  place, 
and  a  number  of  individuals  are  produced,  and  thereupon  the  phaeno- 
menon  enters  upon  the  well-known  series  of  changes.    Gradually  the 
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radially  disposed  buds  separate  from  one  another  to  a  certain  ex- 
tent, without  however  ever  becoming  completely  separated ;  so  that 
a  number  of  organs,  or  separate  portions  of  organic  systems,  are 
common  to  them  all.  In  this  way  the  budding  individuals  remain 
connected  as  a  single  organism,  and  losing  their  individuality, 
sink  to  the  level  of  mere  parts  only  of  a  body  (antimera). 

This  hypothesis  of  the  derivation  of  the  Echinoderma  from  the 
Vermes  leads  us  to  classify  the  former  above  the  latter,  for  we 
suppose  that  the  Vermes  gave  the  starting-point  for  the  development 
of  the  Echinoderma. 

The  separate  divisions  of  the  Echinoderma  (Star-fishes)  are  thus 
arranged : 

I.  Asteroida  (Sea-stars).* 
Asterida. 

Aflteracauthion,  Solaster,  AatropecUn,  Luidia. 

Brisingida. 

Brisinga. 

Ophiurida. 

Ophioderma,  Ophiolepia,  OpUiothrix,  Ophiocoxna. 

Euryalida. 

Astrophyton. 

11.  Crinoida  (Lily-stars). 
Brachiata. 

Fentacrinas,  Comatula. 

III.  Echinoida  (Sea-urchins). 

Demosticha. 

Echinotharida.t 

Calveria,  Phormosoma. 
Cidarida. 

Cidaria. 
Echinida. 

Echinus,  Echinomotra. 

Potalosticha. 

Spatangida. 

Spatangos. 
Clypeastrida. 

Clypeaeter,  Lagannm,  Scalolla. 

IV.  Holothuroida  (Sea-cucumbers). 

Eupodia. 

HoloUiuria,  Molpadia,  Pentacta,  PboIus,  Cuvieria. 

Apodia. 

Bynapta,  Ohirodota. 

*  The  Asteroida  muafc  be  put  first,  as  inolading  the  oldest  Echinoderma,  and  as 
being  the  nearest  in  organisation  to  the  hypothetical  stem  form.  Among  the  fossil 
forms  of  this  group  we  find  conditions  which  are  allied  to  those  of  the  next  class 
(Crinoida). 

t  This  most  important  family  presents  points  of  connection  with  the  Asterida; 
notably  in  the  possession  of  a  movable  dermal  skeleton. 


194 


COJIPAEATIVi:  ANATOMY. 


Bibliography. 


TiESBMmr,  Aiwtomic  ^^,t  Eohrenholoiburie,  des  pcmoraLL^eufarbl^tm  Sceatemea  ntid  Sieiuieeigeb. 
Lutdahat,  IBl©,— Suaiphv,  Art.  Echinotlenmita  in  ToDi>'a  CycloptPciia.  XL— MClllb,  J.^Aunto- 
'  miiobe  Stodiect  tiber  die  Ecliiiiodtjrnia,  Aroh.  t,  AtiBt.  11.  Pbyi*,  lHi5*>.— Tho  eaiQe»  Die  ErseQsu&g 
von  Sobn&cken  in  Holulburien.  Berlin,  18fi^2,— Tbo  same,  Ueber  den  Bau  dor  EchinodemieiL. 
Abtmndl.  d.  Berl.  Acad.  1S53.— The  eanip,  Sieben  Atjibniidlaiiffon  iibcr  die  Larvon  tmd  Metamor- 
pboBQD  der  EcMnodcirmeii.  Abbandl.  d.  Berl.  Acad.  lb^-&5.— BAHg.  M.,  DversJgt  ttf  Norgen 
Ecbinixtoniier.  Christiiudftj  ISfll.— GaisfF,  SiUtuignber,  d.  Gc»oIlBcb.  z.  BelTird.  d.  Naturw,  lu 
Marborg,  1871-70.— Tbuschsw,  R,.  Beitr.  z.  Anat.  d.  Kcbiuoaennen.    Jen,  ZciUcbr.   Bd.  X. 

ABteroida:  Tovbz»,  Ej}.,  A  Hl&tory  of  Britkh  8tar£Bhee.  LonctoD,  18-il.— MtiLLiiu^  J.,  and 
Taoachil,  STBtem  der  Asteriden*  Brmtmicbwelfr,  18«.— AoA*ati,  A.,  Enibryolojfy  of  tbo  Stor- 
^ah.  Conmh.  to  the  nat.  biat.  of  tlio  TJ.  S.  Cmbridgp,  166-1.— HoFrMAifx,  G.  K.,  z,  Anat.  d, 
Aftteriden.  Niederl.  Ar«b.  f.  Zoolog*  Bti.  II,— Sajw,  G.  O.,  On  eome  remarkable  forms  of  Animal 
Life,  n.  ChxifiUaaia,  tS75.— L^ge^  Wilh.,  z.  Auat.  d.  AaIst,  m.  Ophitu*,  Mon^b.  Jobm.   Bd^  II, 

GrlnoidA :  MfhtLim,  J.^  Ueber  den  Bau  dee  Pentacrimxs  caput  zucdiisa'.  Abliandl.  d.  Berl.  Acad,, 
IftH.— THOMSoy,  W.p  On  the  Embryogeny  of  Anfcodon  roaacena.  Piiil.  Trsjie,  1866,  11.— 
CjtmntirTWit  W,  B.,  Retieurcbca  ou  structure,  file.,  d  Aniedon  rcusat-otiB.  PhiL  Tnma.  IMQ,  - 
Sari,  M.,  M^moire  pour  eenir  a  la  comiai**tance  don  Crinqi'dea  vivaota.  Chiiatiania,  18<J8.— 
PusKTBR,  Kd..  Becb.  b«  i'Atiat.  etc.  de«  brad  de  la  rnmatulA  rtwaoeo.  Arcb.  de  Zoolog.  e^- 
p^rtmutit.  T.  II.— GrdiTK,  Vcrgl-  EntwicketunK&^et'ch.  d.  €omatii]&roflACeii,  Arok.  f.  mikr.  Anat. 
Bd.  XU.— Liri»wto,  H.,  Morph.  Btod*  (Crinoidecn).    Zuitschr,  L  wiw.  ZooL   Bd.  XXYni. 

Echiaoida :  ValihtesTi  Anatomie  du  genre  Eehinae,  1941. — HoTFiiAmr,  C.  K-»  Anat.  d.  Echinen 
TL.  8patang«!n.  Nie<dcrL  Arcb,  f-  ZooL  Bd.  I*— AoiBaii,  A«,  RcTiaion  of  the  EchiDi,  P.  1-1. 
Cambridge*  U,  S,  1872-73.— LovBif,  8.,  fitudet  sur  laa  Ectiinoidc^ea.  Kcragl.  Svenaka  Vet.  AciWl. 
Hand],    Bd*  XI.— ■Wttille  Trokson,  On  the  Eohinodea,  etc*    PhLL  Trans.  1874,  P.  II, 

HolOtlluroMa :  QifATaBTAfiiei,  AnatooiJa  der  Byrmpta  Diivcmtpa,  Ann.  sc.  nat  II.  iviii,— 
JiiJSlih»i.TS,  0.,  og  KoaKJf,  J.,  Bidrag  til  Holfjtburiarun  udvikJings-bistorie  in  Fsiiina  littonUiS 
Norregia?.  U.  Borgen,  1^6. — Bauh,.  BLitrngc  zur  Natnrgcwhichte  der  Syuuptn  digitala.  N.  A. 
L.  C,  3CIXL-"Bkmp*i,  0.,  Reieon  in  doii  Pbilmpincu.  Bd,  II,  I.  Holotliuricn*- Sklejka,  Z.Eniw. 
d.  Holotbur.    Zcitchr.  f.  w.  Zool.    Bd.  XX\TJ. 


General  Form  of  the  Body, 

§  158. 

The  morphological  relations  of  the  various  divisionH  of  the 
Echinoderma  to  one  another,  and  to  the  lower  formyj  are  best 
understood  by  a  reference  to  then-  development.  The  larva^  winch 
arises  from  the  ovum,  has  only  two  antimera  (bilateral  symmetry) 


Fig-  91.  Larval  foriiiB  B&m  from  tbtj  aide.  A  Lai^ra  of  n  HolothuriaTi.  B  Larva  uf 
a  Starfifllx  (Bipinnaria-type).  C  D  Vormiau  laiTso.  a  Mouth,  i  Stomach,  a  Anus. 
V  Preooral  band  of  cilia,  wbich  is  indopenrleiit  id  JB,  C,  and  D^  but  in  A  flurroimda  aa 

oral  tract. 

and  agi*ees  in  all  essential  points  with  the  larva  of  the  Annelides,  A 
ciliated  band  either  surronnds  the  oral  surface,  which  carries  the 
mouth  (cf.  Fig.  94j  Aj^  or  is  divided  into  two  circletB,  one  of  which 
bounds  the  prseoral,  and  the  other  the  postoral  region  (J5).     The 
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latter  ltu*val  form  is  seen  in  the  Asteraida,  the  fortner  in  the 
HolothuroYda.  Tliese  forms  also  oht4iin  in  the  larviiD  of  other 
Kchinodernia,  hut  in  the  Ophiiirida  and  Echiuoi'da  a  nuTnber 
of  processes  are  devolopedj  on  to  which  the  hand  of  eihai:^  continued. 
In  a  few  cases  {where  dovek^pment  takes  place  within  the  matenial 
organism )  the  larval  form  is  passed  over,  and  the  Echinoderm 
appears  without  this  intermediate  stage.  The  resemblance  which 
exists  between  the  larval  form  of  oven  very  different  divisions  points 
to  the  common  origin  of  the  phylum ;  which  origin,  indeed,  was 
from  forms  which  were  nut  of  the  radiate  type.  This  important 
point  is  ignored  by  those  who  try  to  derive  the  Echinoderm  a  from 
the  Cadenterata;  they  regard  the  Echinodermu  as  forming  an 
exception  J  which  they  are  unable  to 
explain. 

The  rudiments  of  the  Echino- 
derm body  appear  round  the  enteron 
of  the  larva.  In  the  Asteroida  five 
or  more  part  a  are  budded  off  from 
a  common  rudiment;  these  are  the 
future  ''arms*^  or  ''rays"  of  the 
starfish  (Fig.  95,  A),  The  free  end 
of  the  ray  appears  at  fii'st  to  be  in- 
dependent, and  the  other  end  remains 
in  connection  with  the  general  mass. 
This  conTSponds  to  the  anterior 
part,  and  the  free  end  of  the  ray  to 
the  postericn*  part  of  a  wonn'a  body. 
As  the  rudiment  of  each  arm  growSj 
joints  (metameres)  appear  in  it  be- 
tween the  base  and  the  tip.  There 
is  a  certain  amount  of  independent 
organisation  in  each  arm  of  a  star- 
fish J  its  organs,  such  as  the  intestinej 
nei'vous,  and  vascular  systems,  and 

also  the  sexual  organs,  have  exactly  the  same  position  as  the  homo- 
logous organs  of  an  Annulate  worm.  If,  theuj  we  compare  each  of  the 
budding  arms  with  a  worm-like  organism,  we  must  regard  the  star- 
fish developed  by  this  process  of  gemmation  as  corresponding  to  a 
multiple  of  such  organisms ;  and,  further,  we  must  recognise  in  this 
pha3nomenon  the  same  process  of  gemmation  as  that  which  takes 
place  in  other  lower  animals;  for  example^  in  the  compound  Asciditma. 
It  is  a  process  in  which  several  separfite  animals  are  simultaneously 
budded  off;  the  process  docs  not  go  on  till  these  animals  are  com- 
pletely separated,  but  stops  in  such  a  way  as  to  keep  them  connected 
together  as  an  individual  of  a  higher  order. 

It  is  not  hard  to  see  how,  owing  to  the  incompleteness  of  their 
separationj  the  products  of  gemmation  are  not  only  connected  ex- 
ternally, but  have  a  certain  number  of  internal  organs  connectedj 
and  so  permanently  common  to  the  whole  organism. 

o  2 


Fig.  95,  Larva  of  an  Opbiund 
(PlutouB  form),  a  Rudiment  of  the 
Ecliinodorni  with  budding  ai-ms, 
d  d'  e*  PrcM^esses  of  tbe  larval  body 
with  tieir  framework  of  lattice-Ukc 
rods  (after  J.  Midler). 
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§  159. 

Thus,  then,  an  organism  is  developed,  the  antimeres  of  which 
present  themselves  as  the  radially-arranged  "  arms  ;'^  each  of  these 
arms  has  primitively  the  value  of  one  person.  By  the  concrescence  of 
these  persons  an  individual  of  a  higher  order,  an  animal  colony,  is 
formed.  In  the  Asteroida  the  number  of  arms  is  not  definitely 
fixed;  in  some  there  is  a  large  (14  in  Solaster),  in  others  (Astera- 
canthion)  a  smaller  number  (4).  In  most  the  number  is  limited  to 
five,  and  the  typical  number,  which  predominates  in  other  Echino- 
derma,  is  fixed  at  this.  The  number  of  arms  in  Brisinga  varies  from 
9-12.  The  point  at  which  all  the  arms  are  connected  forms  the 
common  body  in  the  Asteroida ;  it  carries  the  mouth.  This  lies  on  the 
ventral  surface,  which  is  oral,  and  has  an  aboral  surf  ace  opposed  to  it. 
In  the  arms  the  ventral  surface  is  distinguished  by  the  possession  of 
rows  of  expansive  and  movable  processes — ambulacral  feet ;  these 
form  an  "  ambulacrum ''  in  each  arm,  and  are  attached  to  a  depression, 
which  runs  along  the  arm  (ambulacral  groove).  They  correspond  in 
character  with  the  metameric  arrangement  of  the  arms,  which  is  ex- 
pressed in  other  parts.  There  are  four  rows  in  Asteracanthion,  and 
two  in  most  of  the  other  forms.  It  is  uncertain  whether  these 
structures  are  allied  to  the  parapodia  of  Vermes  or  not.  The  ventral 
surfa«ce  is  also  known  as  the  ambulacral.  There  is  no  difference  in 
the  extent  of  the  ambulacral  and  antambulacral  (dorsal)  surfaces. 

The  radii  or  arms  vary  greatly  in  the  extent  to  which  they  are 
independent  of  the  common  body ;  in  not  a  few  forms  they  show  a 
tendency  to  shorten  so  as  to  form  a  body  disc,  and  so,  at  the  same 
time,  the  indication  of  the  primitively  individual  character  of  the 


Fig.  96.    Three  forms  of  Starfishes,  A  BC^  in.  which  concrescence  and  consequent 

loss  of  individuality  in  the  arms  is  being  gradually  effected.     All  three  are 

figured  from  the  oral,  or  ambulacral,  surface  of  the  body.    The  ambulacra  are 

represented  by  rows  of  dots,    o  Mouth,    r  Badii  (Arms),    ir  Interradii. 


arms  is  lost  (Oreaster,  Pteraster,  Asteriscus,  etc.).  A  comparison  of 
the  three  forms  of  Sea-stars  (Fig.  96,  A  B  0)  here  figured  will 
make  this  quite  clear. 
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Fig.  97.  Diagram  of  the  body- 
form  of  an  Ophinrid.  o  Mouth. 
f*  Bodj  disc,    r  Arms. 


§  160. 

The  arrangements  in  other  Echinoderma  are  derived  from  the 
form  which  obtains  in  the  Asteroida ;  and 
that   in   two   divergent   lines.      In  both, 
although  in  different  ways,  it  leads  to  a 
greater    centralisation   of   the    organism. 
Along  one  line  the  arms  are  more  largely 
developed,  and  at  the  same  time  gradually 
lose  their  relations  to  tlie  internal  organs. 
Along  the  other  the  arms  pass  completely 
into  the  common  body.     The  number  of 
rays  appears  to  be  always  five.     The  first 
arrangement  is  seen  in  Brisinga  and  the 
Ophiurida,  where   the  body  is   separated 
into  a  discoid  central  portion  (Fig.  97,  s), 
and  the  projecting,  but  sharply  sepa- 
rated, arms  (v).     The  arms  take  but  a 
small  share  in  the  formation  of  the 
body-cavity,  whichis  almost  exclusively 
limited  to  the  body  disc.     The  ambu- 
lacral  groove  is  wanting  in  the  Ophi- 
urida,  but  the  ambulacra  still  extend 
along  the  arms. 

The  arms  of  the  Euryalida  are 
greatly  developed,  being  repeatedly 
divided  in  a  dichotomous  fashion.  A 
shallow  groove  is  continued  into  the 
divisions.  The  Crinoida,  which  in 
earlier  periods  were  widely  distributed, 
and  very  rich  in  forms,  but  which  are 
now  represented  by  few  genera,  have 
lost  the  power  of  free  locomotion,  and 
passed  into  the  fixed  condition.  In 
the  division  Brachiata,  which  includes 
the  extant  forms,  a  stalk,  often  of 
great  size,  jointed,  and  complicated 
by  branchings  and  appended  struc- 
tures (Fig.  98),  is  developed  on  the 
antambulacral  portion  of.  the  cup-like 
body.  This  serves  as  an  organ  of 
attachment.  The  arms  are  not  always 
limited  to  five,  but  there  is  often  a 
larger  number  of  them ;  they  are  con- 
siderably developed,  being  divided,  or 
provided  with  secondary  appendages. 
These  appendages,  which  are  attached 
to  the  arms  and  have  the  form  of 
feathery  plates,  are  known  as  pinnulje. 


Fig. 98.  Rhizocrinns  lofoten- 
sis.  A  A  yomig  spocimen.  B  Cup 
(k)f  with  seren  arms,  of  a  larger 
specimen,  p  Stalk,  w  Roots.  R 
Arms,    t  Tentacles  (after  M.  Sars). 


The  ambulacral  groove 
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extends  on  to  the  arms,  and  gives  passage  to  the  teutacnia-like  feet. 
In  Bome  the  fixed  coodition  obtains  in  the  young  only,  and  later 
on  in  life  the  arm-bearing  body  breaks  off  from  its  stalk  (Ajitedon, 
Comatula), 

The  other  series  of  modifications  of  the  form  oi  the  body  leads  to 
the  Echinoida,  The  arms  have  altogether  disappeared  as  indepen- 
dent parts.  In  the  more  or  less  cone-shaped  body  of  the  true  Sea- 
Urchms  (Desmosticha),  the  ambulaeni  extend  over  the  greater  part 
of  the  surface.  The  ambnlacral  tracts  form  five  bands,  which  extend 
from  the  oral  (Fig.  ^^^^j  A  o)  to  the  opposite  pole  (7?  a) ;  these  are 
separated  by  as  many  tracts  devoid   of  snckors   (Interambulacra), 

The  aboral  polar  nrca  (apical 
pole)  is  occupied  by  the 
greatly-diminished  antanibii- 
lacral  surface.  The  distribu- 
tion of  ambulacml  (oral)  and 
ant  ambnlacral  (aboral)  snr- 
faces  of  the  body,  which  is 
pretty  equal  in  the  Asteroida, 
is  thus  completely  altered  in 
the  Sea-Urchins,  for  in  them 
the  former  is  much  larger 
than  the  latter.  If  wo  imagine 
a  Starfish -form  J  in  which 
the  arms  have  completely 
passed  into  the  general  body 
(cf.  Fig.  96j  ^)j  then  the  decrease  in  size  of  the  autambulacral  surface, 
and  the  consequent  increase  in  that  of  the  ambnlacral,  will  give  ns 
the  Urchiu-forra. 

This  arrangement  is  modified  in  the  Petalosticha,  partly  by  a 
change  in  the  relations  of  the  mouth  and  anus^  partly  by  modifica- 
tion of  the  ambnlacral  tracts.  The  dimiimtion  in  size  of  these  tracts 
is  of  importance*  They  form  a  five-leaved  rosette  on  the  dorsal 
surface,  and  from  these  leaf-ends  signs  of  a  continuation  of  the  tracts 
aa  far  as  the  mouth  can  be  still  followed  out  in  the  Clypeastridae. 

The  indications  of  the  development  of  the  Echinodorm  body  from 
a  multiple  of  individuals  are  less  apparent  in  the  Holothuroida 
than  in  the  Echinoida.  But  the  Bausago-shaped  body  can  be  derived 
from  the  arrangement  seen  in  most  of  the  regular  8ea -Urchins,  by 
imagining  the  body  to  be  pulled  out.  The  oral  and  aboral  poles  in 
each  correspond,  the  former  being  distinguished  by  the  oral,  the  latter 
by  the  anal  orifice.  The  antambulacrid  surface  has  altogether  disap- 
peared. In  the  true  Holothuroida  (Eupodia)  the  ambuhicral  and 
interambulacra  1  tracts  extend  alteruately  from  the  moiith  to  the  anus. 
Some  of  the  anibulacral  tracts  may  however  undergo  an  increase, 
and  the  others  a  decrease  in  size,  according  to  the  varying  necessities 
of  functioHt    Thus  the  three  ambnlacral  tracts  on  that  surface  which 


Fig.  99.  Bingrammatio  figqre  of  a  Sea -Urchin, 
A  From  tlie  oral  aaiftiCD.  B  A  lateral  view. 
The  amlmlaci-ft  aro  repi'espnted  by  rows  of 
dots,  r  Radii,  ir  JateiratHi.  o  Mouth,  a  Anns. 
The  ktter  ii  sorronnded  by  tbe  antambnlacral 
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functions  as  ventral,  are  retained  io  Psolus,  while  the  other  two 
whicli  belong  to  the  portion  of  the  surface  of  the  body,  which  fanc- 
tions  a3  the  dorsal,  arc  atrophied.  In  Cuvieria  this  modification  of 
parts  ia  extended  so  as  to  result  in  the  disappearance  of  the  throe 
ventral  ambulacra* 

A  complete  degeneration  of  the  ambulacra  takes  place  in  the 
Sjnaptte,  and  the  radiate  organisation,  which  is  implied  by  the 
division  into  ambulacra,  ia  thuH  lostj  thej  have  followed  out  the 
line  of  modiiication  indicated  in  those  Astoroi'da,  where  the  rays 
begin  to  lose  the  organs  belonging  to  them,  as  if  in  preparation  for 
a  centralised  organisation. 


Appendagea 
§   102. 

The  organs  appended  to  the  integument,  which  may  bo  regarded 
as  appendages,  aro  not  so  various  as  in  the  Vermes*  Of  such  parts 
the  sucking  or  ambulacral  feet  must  be  placed  foremoat,  for 
they  form  the  most  common  arrangement,  and  belong  to  the  typical 
Echinoderm  organisation,  and  are  evidently  derived  from  an  ancestor 
common  to  the  whole  group.  They  are  tubular,  and  generally 
cylindrical  processes  of  the  body- wall,  which  not  only  agree  in  being 
arranged  ru  rows  (in  accordance  with  the  metamerism  of  the  rays), 
but  also  in  their  most  essential  points  of  structure^  with  the  parapodia 
of  tiie  Annelides  :  on  the  whole  they  are  more  simple  iu  character. 


Pig.  100.  Diagram  of  tli©  croaa  section  of  an  arm*  A,  of  Astemcinkliion  robcns ; 
U,  of  OpUiura  teitnmta.  p  Ambulacnkl  foot,  p^  Ampulla?,  t  Dermal  tontaclea. 
n  Norve-cliords.  w  Ambulacral  plates.  i)i  Muscles,  a  Ambulacral  vein,  h  Ventral 
plato.    c  LatL*nil  plates,     d  Dorsal  pkto.     k  Caleificd  portion  of  tho  mtegument 

(after  Wilh.  Lange). 

(Fig.  100),  As  they  have  always  much  the  same  structure  they 
vary  but  little  in  fmiction. 

The  free  end  of  these  tuhular  structures  (p)  is  either  flattened 
ontj  or  provided  with  a  sucker-like  termination  (Ecliinoida)  ;  or  it 
has  a  conical  tip,  or  is  rounded  off  (many  Asteroida) ;  sometimes  it  is 
provided  with  a  rounded  head.  Others  are  provided  with  lateral 
indontations  or  secondary  processes  (Ophiurida  and  Crinoida) ;  theee 
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are  intermediate  towards  those  forms  which  have  lost  their  locomotor 
function,  and  have  the  form  of  ambulacral  branchiae  or  tentacles 
(tentacular  organs). 

When  they  are  filled  with  fluid  the  feet  swell,  and  are  thereby 
erected  and  capable  of  protrusion.  The  extent  to  which  they  are 
protruded  depends  on  the  length  of  the  firm  appendages  of  the 
integument,  so  that  the  sucker  feet  are  longest  in  the  Echinoida  with 
their  long  spicules.  The  end  becomes  fixed  when  the  sucker  is  pro- 
truded, so  that  the  foot  is  now  able,  when  it  contracts,  to  draw  the 
body  of  the  animal  towards  the  point  of  attachment ;  this  mode  of 
locomotion  is  often  effected  with  great  rapidity  by  the  Echino'ida.  A 
whole  group  of  suckers  takes  part  in  the  movement,  and  by  working 
together  display  considerable  energy.  The  distribution  of  these 
structures  has  been  referred  to  in  the  previous  paragraphs;  their 
relation  to  the  vascular  system  will  be  spoken  of  when  that  system 
is  dealt  with. 

In  the  Crino'ida  the  circumoral  suckers  acquire  the  function  of 
tentacles;  this  is  in  many  other  cases  combined  with  the  locomotor 
functions.  But  we  get  also  independent  tentacular  structures, 
allied  in  origin  to  these,  namely,  the  tentacles  in  the  neighbourhood 
of  the  oral  aperture  of  Holothuro'ida  (cf.  Fig.  113,  T).  They  are 
sometimes  pinnate,  sometimes  branched,  and,  as  a  rule,  can  be 
completely  drawn  in.  In  many  Synaptaa  they  carry  suckers  (S. 
DuvernaDa).  Their  internal  cavity  is  in  communication  with  the 
same  vascular  system,  as  are  the  ambulacral  feet. 

The  so-called  dermal  branchiae,  tentacles  which  are  dis- 
tributed over  the  antambulacral  (dorsal)  surface  of  the  body  in 
the  Starfishes  (Fig.  100,  t),  differ  from  these;  in  the  Echino'ida 
they  form  five  pairs  of  contractile  tree-like  organs  near  the  mouth. 
They  communicate  with  the  body-cavity,  and  are  merely  protrusions 
of  the  integument. 


IntefiTument  and  Dermal  Skeleton. 
§  163. 

In  the  Echinoderma  the  same  dermo-muscular  layer  is  present  as 
in  the  Vermes,  but  the  integument  is  more  sharply  marked  off  from 
the  musculature.  This  latter  forms,  for  the  most  part,  a  layer  which 
limits  the  body-cavity,  and  is  covered  externally  by  the  integument. 
Its  special  characters  are  due  to  the  fact  that  the  locomotor  power  of 
the  body  is  more  or  less  determined  by  the  deposition  of  chalk 
in  that  layer,  which  goes  to  form,  in  conjunction  with  the  muscular 
layer,  the  "perisome.^' 

The  same  structure  exists  in  the  larva;  but  in  it  this  exoskeleton 
is  never  of  any  great  size,  but  is  merely  a  firm  support  formed  by 
a  large  number  of  rod-like  processes.  The  ciliated  bands  extend  on 
to  the  processes,  which  they  fringe,  and  form,  in  a  more  or  less  com- 
plicated manner,  the  locomotor  oppai^atus  of  tlie  larva  (vide  Fig.  95, 
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dd*  c).  The  whole  bodjr  is  covered  with  cilia  at  a  period  before 
that  when  they  arc  arnniged  on  the  ridge-liko  projections  from  the 
ciliated  band ;  bnt  this  general  ciUation  is  onlj  found  during  the 
most  indifferent  condition  of  the  lanra. 

The  cilia  are  retained  even  kter  on,  on  many  parts  of  the  soft 
dermal  layer  which  invests  the  calcareous  akoloton  :  ns,  for  example, 
in  the  ciliated  tract s^  which  reach  to  the  month  in  the  Spatangida? 
(semita^).  On  other  parts,  such  as  the  dermal  b r aiic h i fe  (cf.  supni), 
ciiiation  appears  to  bo  correlated  with  the  respiratory  function 
of  the  integument  J  in  which  the  ambnlacral  feet  may  also  huvo 
a  share. 

The  extent  to  which  the  integument  is  calcified  varies  greatly. 
Sometimes  the  calcareous  particles  are  united  with  one  another  into 
larger  pieces,  and  form  plates  which  are  movahly  or  immovably 
connected  together  :  this  arrangement  either  extends  over  the  whole 
body,  or  is  confined  to  definite  tracts  of  its  surface.  In  other  cases 
the  calcareous  particles  are  scattered,  and  allow  of  great  variations 
in  the  form  of  the  body.  In  this  case  a  largo  number  of  the 
characteristic  features  of  the  Echinoderm  disappear  from  other  parts 
of  its  organisation  ;  so  that  the  disappearance  of  a  calciiiod  integu- 
ment is  a  departure  from  the  type,  and  the  general  phfenomeoon  of 
a  scanty  deposit  of  calcareous  matters  is  not  to  bo  regarded  as  an 
early,  but  as  a  final  stage  in  the  series  of  forms. 

Calcification  converts  the  integument  into  an  organ  of  support 
for  the  body,  or  dermal  s  k e  le  to  n  ; 
in  many  cases  this  sends  out  pro- 
cesses into  the  interior  of  the  body* 
These  give  rise  to  calcified  struc- 
tures, which  form  an  internal  skele- 
ton and  combine  with  the  external. 
Tlie  whole  thickness  of  the  peri- 
some  is  not  affected  by  the  process 
of  calcification,  A  thin  n  on -calci- 
fied layer  of  tissue  is  always  found 
on  the  inner,  as  well  as  on  the  outer 
surface ;  on  the  latter,  however,  this 
layer  distip pears  at  an  eai'ly  pei-iod 
from  some  parts,  so  that  the  calcified 
parts  are  exptJb^ed  ^  this  happens, 
for  instance,  on  the  spine-like  struc- 
tures, as  well  as  on  other  processes 
of  tlie  calcareous  skeleton, 

Tlie  lime-salts  are  always  de- 
posited in  a  regular  manner  in  the 
integumentary  layer,  Tliey  form 
delicate  frameworks  or  retiform 
structures  (Fig.  101),  in  the  spaces 
of  which  soft  organic  substance  persists.  The  most  solid  skeletal 
parts  arc  thus  traversed  by  soft  structures ;   when  the  calcareous 
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Pig.  101,  View  of  a  calcareous  tieU 
work  of  a  plate  of  the  derma!  stele ttin 
of  an  Ecbinid  (Gidaria).  h  Trabecula' 
cot  through.  These  ivere  directly  per* 
pendicular  to  the  homontal  network 
(somewhat  highly  magnified). 
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are  infcormediate  towards  those  forms  which  havo  lost  thoir  locomotor 
function^  and  have  the  form  of  ambulacral  branchire  or  tentacles 
(tentacular  organs). 

When  they  are  filled  with  fluid  the  feet  swellj  and  nro  thereby 
erected  and  capable  of  protrusion.  The  extent  to  whicli  they  are 
protruded  depends  on  the  IcDgth  of  the  firm  appendages  of  the 
integ^ument^  so  that  the  sucker  feet  are  longest  in  the  Echinoida  with 
their  long  spicules.  The  end  becomes  fixed  when  the  sucker  is  pro- 
trudedj  ^o  that  the  foot  is  now  able,  when  it  contracts^  to  draw  the 
body  of  tlie  animal  towards  the  point  of  attachment ;  this  mode  of 
locomotion  is  often  effected  with  groat  rapidity  by  the  Echinoida.  A 
whole  group  of  suckers  takes  part  in  the  movement,  and  by  working 
together  display  considerable  energy*  The  distribution  of  these 
stractures  has  been  referred  to  in  the  previous  paragraphs ;  their 
relation  to  the  vascular  system  will  be  spoken  of  when  that  system 
is  dealt  with. 

In  the  Crinoida  the  circnmoral  suckers  acquire  the  function  of 
tentacles  ;  this  is  in  many  other  cases  combined  with  the  locomotor 
functions.  But  we  get  also  independent  tentacular  structures, 
allied  in  origin  to  these,  namely,  the  tentacles  in  the  neighbourhood 
of  the  oral  aperture  of  Holothuroida  (ef.  Fig.  113,  T),  They  are 
sometimes  pinnate,  sometimes  branched,  and^  as  a  ruloj  can  be 
eorapletely  drawn  in.  In  many  Synaptie  they  carry  suckers  {S. 
Duverna^a).  Their  internal  cavity  is  in  communication  with  the 
same  vascular  system,  as  are  the  ambulacral  feet. 

The  so-called  dermal  branchim,  tentacles  which  are  dis- 
tributed  over  the  antambulacral  (dorsal)  surface  of  the  body  in 
the  Starfishes  (Fig.  100,  /),  differ  from  these ;  in  the  Echinoida 
they  form  five  pairs  of  contractile  tree-like  organs  near  the  mouth. 
They  conimunicate  with  the  body-cavity,  and  are  merely  protrusions 
o f  the  i  n  teg u  me n  t , 


iDtegumeiit  and  Deriaal  Skeleton. 

§  163. 

In  the  Echinoderma  the  same  dermo-muscular  layer  is  present  as 
in  the  Vermes,  but  the  integument  is  more  shar|ily  mnrked  off  from 
the  musculature,  Tliis  latter  formsj  for  the  most  pnrt,  a  layer  whieli 
limits  the  budy-cavity,  and  is  covered  externally  by  the  iutegument. 
Its  special  cliaracters  are  due  to  the  fact  that  the  locomotor  power  of 
the  body  is  more  or  ICvSS  determined  by  the  deposition  of  chalk 
in  that  layer,  which  goes  to  form,  in  conjunction  with  the  muscular 
layer,  the  "perisome/^ 

The  same  structure  exists  in  the  larva;  but  in  it  this  exoskeleton 
is  never  of  any  groat  size,  but  is  merely  a  firm  support  formed  by 
a  large  number  of  rod-like  processes.  The  ciliated  bauds  extend  on 
to  the  processes,  which  they  fringe,  and  form,  in  a  more  or  less  com- 
plicated manner,  the  locomotor  appai-atus  of  the  larva  (vide  Fig.  96, 
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dd'  e).  Tho  whole  body  is  covered  with  cilia  at  a  period  before 
that  when  tlicy  are  arranged  on  tlic  ridge-liko  projections  from  tho 
ciliated  band  ;  bet  this  genenil  ciliatiori  is  only  found  during  the 
most  indifferent  condition  of  the  larva. 

The  cilia  are  retained  even  Inter  ouj  on  many  parts  of  the  soft 
dermal  layer  which  invests  the  calc-areoua  skeleton  :  as,  for  example, 
in  the  ciliated  tracts,  which  reach  to  the  month  in  the  Spatangidte 
(semita^).  On  other  parts,  such  as  the  dermal  branchife  (cf.  supra), 
ciliation  appears  to  be  correlated  with  the  respiratory  function 
of  the  integument,  in  which  tho  ambulacral  feet  may  also  have 
a  share. 

The  extent  to  which  the  integument  is  calcified  varies  greatly. 
Sometimes  the  calcareous  particles  are  united  with  one  another  into 
larger  pieces,  and  form  plates  which  are  movably  or  immovably 
connected  togetlier  :  this  arrangement  either  extends  over  the  whole 
body,  or  is  confined  to  definite  tracta  of  its  surface*  In  other  cases 
the  calcareous  particles  are  scattered,  and  allow  of  great  variations 
in  the  form  of  the  body.  In  this  case  a  largo  number  of  the 
characteristic  features  of  the  Echinoderm  disappear  from  other  parts 
of  its  organisation  ;  so  that  the  disappearance  of  a  calcified  integu- 
ment is  a  departure  from  the  type,  and  the  general  pha?nomenon  of 
a  scanty  deposit  of  calcareous  matters  is  not  to  be  regarded  as  an 
early,  but  as  a  final  stage  in  the  series  of  forms. 

Calcification  converts  the  integument  into  an  organ  of  Buppoi*t 
for  the  body,  or  d  c  r  m  a  I  skeleton; 
in  many  cases  this  sends  out  pro- 
cesses into  the  interior  of  the  body. 
These  give  rise  to  calcified  struc- 
tures, which  form  an  internal  skele- 
ton and  combme  with  tho  externah 
The  whole  thickness  of  tho  peri- 
some  is  not  affected  by  the  process 
of  calcification.  A  thin  non-calci- 
fied layer  of  tissue  is  always  found 
on  the  inner,  as  well  as  on  the  outer 
surface ;  on  the  latter,  however,  this 
layer  dis^ippears  at  an  early  period 
from  some  part<«,  so  that  the  calcified 
parts  are  exposed ;  this  happens, 
fur  instance,  on  the  spine-like  struc- 
tnres,  as  well  as  on  other  processes 
of  the  calcareous  skeleton. 

The  lime-salts  are  always  do- 
posited  in  a  regular  manner  in  the 
integumentary  layer.  They  form 
delicate  frameworks  or  retiforoi 
BtriTctures  (Fig.  101),  in  the  spaces 
of  which  soft  organic  substance  persists.  The  most  solid  skeletal 
parts  are  thus  traversed  by  soft  stnictures ;   when  the  calcareous 
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Fig.  101.  View  of  a  culcareona  tiet- 
wDL'k  of  a  plate  of  tho  dermal  gketet<jii 
of  an  EchiDid  (Cidaris).  h  Tmbecalit 
cat  througb.  These  were  directly  per- 
peudicular  to  the  horizontal  network 
(Bomewhat  highly  magnified). 
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are  intormodiate  towards  those  forms  which  have  lost  their  locomotor 
function^  and  have  the  form  of  ambulacral  branchies  or  tentacles 
(teD tacolar  organs) . 

When  they  are  filled  with  fluid  the  feet  swell^  and  are  thereby 
erected  and  capable  of  protrusion.  The  extent  to  which  they  are 
protruded  depends  on  the  length  of  the  firm  appendages  of  the 
integumetit,  so  that  the  sucker  feet  are  longest  in  the  Ecliinoida  with 
their  long  spicules.  The  end  becomes  fixed  when  the  sucker  is  pro- 
truded,  so  that  the  foot  is  now  able,  when  it  contracts,  to  draw  the 
body  of  the  animal  towards  the  point  of  attachment ;  this  mode  of 
locomotion  is  often  effected  with  great  rapidity  by  the  EchinoVda.  A 
whole  group  of  suckers  takes  part  in  the  movement,  and  by  working 
together  display  considerable  energy.  The  distribution  of  these 
shnictnres  haa  been  referred  to  in  the  previous  paragraphs;  their 
relation  to  the  vascular  system  will  be  spoken  of  when  that  system 
is  dealt  with. 

In  the  Crino'ida  the  circumoral  suckers  acquire  the  function  of 
tentacles  ;  this  is  in  many  other  cases  combined  with  the  locomotor 
functions.  But  we  get  also  independent  tentacular  structures, 
allied  in  origin  to  these,  namelyj  the  tentacles  in  the  neighbourhood 
of  the  oral  aperture  of  Holothuroida  (cL  Fig.  113,  T}>  They  are 
sometimes  pinnate,  sometimes  branched,  and,  as  a  rule,  can  be 
completely  dj^awn  in.  In  many  Synaptte  they  carry  suckers  {S, 
Duverna\a).  Their  intenial  cavity  is  in  communication  with  the 
same  vascular  system,  as  are  the  ambulacral  feet. 

The  so-called  dermal  branchiae,  teDtacles  which  are  dis- 
tributed over  the  antambulacral  (dorsal)  surface  of  the  body  in 
the  Starfishes  (Fig,  100,  /),  differ  from  these;  in  the  Echinoida 
they  form  five  pairs  of  contractile  tree-like  orgaus  near  the  mouth. 
They  communicate  with  the  body-cavity,  and  are  merely  protrusioDs 
of  the  integument. 


lateRumQut  and  Dermal  SkeJetoiL 

§  163. 

In  the  Echinodcrma  the  same  dermo-muscular  layer  is  present  as 
In  the  Vermes,  but  the  integument  is  more  sharply  marked  off  from 
the  moscnlatrire.  This  latter  forms,  for  the  most  part,  a  layer  which 
limits  the  body-cavity,  and  is  covered  externally  by  the  integument. 
Its  special  characters  are  due  to  the  fact  that  the  locomotor  power  of 
the  body  is  more  or  less  determined  by  the  deposition  of  chalk 
in  that  layer,  which  goes  to  form,  in  conjunction  v^nth  the  muscular 
layer,  the  "perisome," 

The  same  structure  exists  in  the  larva;  but  in  it  this  exoskeleton 
13  never  of  any  great  size,  but  is  merely  a  firm  support  formed  by 
a  large  number  of  rod-like  processes.  The  ciliated  bands  extend  on 
to  the  processes,  which  they  fringe,  and  form,  in  a  more  or  less  com- 
plicated mamierj  the  locomotor  apparatus  of  the  larva  (vide  Fig.  95, 
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d  iV  c)>  The  wliole  body  in  covcroil  with  ciha  at  a  period  before 
that  when  they  arc  arranged  on  the  ridge-like  projections  from  the 
ciliated  band  ;  bet  this  genoml  cilintion  is  on!j  found  during  the 
most  indifferent  condition  of  the  Itirva. 

The  cilia  are  retained  even  later  on,  on  many  parts  of  the  soft 
dermal  layer  which  invests  the  cal careens  skeleton  :  as,  for  example, 
in  the  ciliated  tracts,  which  reach  to  the  mouth  in  the  Spatangida? 
(semita^).  On  other  partsj  sncli  as  the  dermal  branchiai  (cf.  supra), 
eiliiition  appears  to  be  correlated  with  the  respiratory  fnnctioTi 
of  the  integument,  in  which  the  ambnlacral  feet  may  also  hriye 
a  Bh.ire, 

The  extent  to  which  the  integument  is  calcified  varies  greatly. 
Sometimes  the  calcareous  particles  are  united  w^ith  one  another  into 
larger  pieces,  and  form  plates  which  are  movably  or  immovably 
connected  together  :  this  arrangement  either  extends  over  the  whole 
body,  or  is  confined  to  definite  tracts  of  its  surface.  In  other  cases 
the  calcareous  particles  are  scattered^  and  allow  of  great  variations 
in  the  form  of  the  body.  In  this  case  a  largo  number  of  the 
characteristic  features  of  the  Bchinoderm  disappear  from  other  parts 
of  its  organisation  ;  so  that  the  disappearance  of  a  calcified  integu- 
ment is  a  departure  from  the  type,  and  the  general  pho3nomenon  of 
a  scanty  deposit  of  calcareous  matters  is  not  to  be  regarded  as  an 
early,  but  as  a  final  stage  in  the  series  of  forms. 

Calcification  converts  the  integument  into  an  organ  of  support 
for  the  body,  or  dermal  skeleton  ; 
in  many  cases  this  sends  out  pro- 
cesses into  the  interior  of  the  body. 
These  give  rise  to  calcified  struc- 
tures, which  form  an  internal  skele- 
ton and  combine  with  the  external. 
The  whole  thickness  of  the  peri- 
some  is  not  affected  by  the  process 
of  calcification,  A  thin  non-calci- 
fied layer  of  tissue  is  always  found 
on  the  inner,  as  well  as  on  the  outer 
surface;  on  the  latter, however^ this 
layer  disappears  at  an  early  period 
frijm  some  parts,  sfi  that  the  calcified 
parts  are  exposed ;  tbis  liappens, 
fur  instancoj  on  the  spine-like  struc- 
tures, as  well  as  on  other  processes 
of  t!ie  calcareous  skeleton. 

The  lime-salts  are  always  de- 
posited in  a  regular  manner  in  the 
integomentary  layer.  They  form 
delicate  frameworks  or  re ti form 
structures  (Fig.  101)^  in  the  spaces 
of  which  soft  organic  substance  persists.  The  most  solid  skeletal 
parts  are  thus  traversed  by  soft  structures ;   ivhon  the  calcareous 


\       _^ 
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Fi^.  10 L  View  of  ft  calcareona  net- 
work of  a  plate  of  the  dcroial  skeleton 
of  ati  Kchiuid  (Cidaris).  b  Trabccula? 
cat  through.  These  were  directly  per- 
pendiculftr  to  the  horizontal  network 
(Bomewhat  hJghl^r  magnified). 
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skeleton  is  merely  represented  by  separate  and  microscopic  deposits, 
these  are  generally  definite  in  shape,  and  characteristic  of  genera 
and  species. 

The  calcareous  skeleton  of  the  larva  forms  an  organ  of  support, 
which  is  generally  made  up  by  a  framework  of  delicately  attached, 
and  often  perforated  rods.  They  are  ordinarily  found  in  the  larval 
Ecbinoida  and  Opbiurida;  there  are  also  calcareons  bodies  in  tbo 
larvie  of  the  Holotburoida,  The  presence  of  a  calcareous  skeleton  in 
tbe  larvffj  is  clearly  an  instance  of  an  arrangeuient  which  is  common 
to  the  group  ]  but  it  must  not  bo  forgotten  that  this  larval  skeleton 
corrosponds  to  the  form  of  the  larva,  and  not  to  that- of  the  adult 
Echinoderm  ;  none  of  it  passes  perraauently  into  the  adult  foi-m. 
There  is,  in  fact,  a  repeated  change  of  the  calcareous  skeleton  in  the 
Holothuroida. 

§  16k 

As  regards  the  special  characters  of  the  dermal  skeleton,  the 
presence   of  pieces,  movably  connected  with  one  another,  on  the 

ambulacral  surfaceof  the  arms, 
is  characteristic  of  the  Aste- 
roida,  Trausyersely  -  placed 
pairs  of  calcareous  pieces, 
which  gradually  diminish  in 
size,  are  f onnd  from  the  mouth 
as  far  as  the  tip  of  the  arm 
(Fig.  100,  A  w);  they  form 
the  floor  of  a  groove — the 
tentacidar  groove.  The  sepa- 
rate pieces  form  a  jointed 
series  by  their  articular  at- 
tachments, and  the  suckers 
pass  out  between  the  solid 
joints  (p).  These  calcareous 
pieces  ai'e  consequently  known 
as  ambulacral  plates.  But 
as  special  soft  parts  (ambu- 
lacral canal  and  nerves)  are 
^^^..^.^^j^  —   ,  also  embedded  in  this  groove, 

^SWi?!*^  ^^^^  jointed  segments  do  not 

*"  appear  to  be   purely  deriuo- 

skeletal  parts.  The  ambu- 
lacral groove  is  covered  by  the 
integument,  which  is  con- 
tiuued  laterally  on  to  the  am- 
l)ulucral  plates.  It  consists 
largely  of  a  layer  of  long 
cylindrical  cells,  covered  by  a 
cuticle.  At  the  side  it  passes  iuto  a  layer  of  cells,  which  is  placed 
ranch  deeper.     At  the  lateral  edges  of  the  groove  the  skeleton  ia 


Fig,  102.  Body  fliso  of  an  Ophitirid 
(O  p  h  i  o  t  li  r  i  X  f  r  a  g  i  U  b)  j  bgoji  from  the 
oral  Biirfftce ;  tbu  bases  of  tbo  anna  be- 
set with  spiouIeH  mtiy  he  eeon  (niagiitfied). 
C  Body  disc*  B  Anns-  t  CalcttreouH  platPH, 
H'hich  cover  the  canal  which  con-eRponda 
to  the?  tentacular  groore  of  the  Aateroidn* 
fj  Cienitnl  cleft8.     d  MaBticntoty  plates. 
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continuous  witli  the  deriDal  skeletoD,  whicli  covers  the  back  of  the 
arms  ;  at  this  point  there  arc  freqnentlj  found  one  or  more  longi- 
tudinal rows  of  plates  or  scutes.  These  structures  may  ba  replaced 
by  knobs,  and  are  sometimes  continued  on  to  the  integument  of 
the  antambulacral  surface  of  the  body  j  or  the  integument  is  dis- 
tinguished by  retiforni  deposits  of  calcareous  matter  and  smaller 
tubercleSj  separated  by  the  non- calcified  pai'ts  of  the  perisome. 
Brisinga  resembles  tho  AsteroYda  in  the  structure  of  its  arms ;  that 
is,  they  hayo  an  ambnlaeral  groove* 

Larger  flat  plates,  marginal  plates,  f  onn  the  edge  of  the  arms  j 
these  are  often  distinguished  by  spicules  and  other  processes, 

Tho  structure  of  tlie  integument  of  the  Ophiurida  resembles 
that  of  the  Asteroida.  There  is  seldom  any  great  development  of 
calcareous  plates  on  the  antauibulacral  surface  ;  tbey  arOj  as  a  rule, 
found  near  tho  base  of  the  arm  only  in  those  forms.  The  ambulacral 
or  ventral  integument  is  also  provided  with  plates  around  the  month 
(Fig.  102).  But  several  parts  of  the  finn  skeleton  of  the  arms  ai'© 
different  to  those  of  the  same  parts  in  tho  Asteroida.  The  pieces 
homologous  with  tho  ambulacra!  plates  of  tho  latter  form  a  closely- 
set  series  (vertebral  pieces,  Fig»  100,  B  w)^  which  almost  com- 
pletely fill  np  the  arm,  and  only  leave  a  narrow  canal  on  the  dorsal, 
and  a  gi'oove  for  the  nciTCS  and  other  organs  on  the  ventrol  surface. 
The  ccelom  is  therefore  continued  into  the  arms  as  a  narrow  c^nal 
only.  Instead  of  the  soft  covering  of  the  ambulacral  groove^  which 
the  Asteroida  possess,  there  is  a  series  of  firm  calcareous  scutes 
(Fig.  100,  B  h)  in  the  Ophiurida;  other  lateral  processes  of  various 
kinds  are  added  on  to  them. 

In  the  Euryalida  also  the  leathery  investment  of  the  body 
covers  in  a  skeletal  structure,  formed  of  vertebral  calcareous  plates 
attached  to  one  another.  This,  as  in  the  Ophiurida  and  Asteroida, 
belongs  to  the  oral  surface  of  the  body ;  the  plates  are  continued 
from  the  edges  along  the  radii,  and  to  the  finest  ramifications  of 
them.  In  them,  too,  this  skeleton  forms  the  floor  of  the  ambulacral 
groove.  On  the  aboral  surface  the  body-disc  is  enclosed  in  a  dermis, 
merely  impregnated  with  calcareous  granules,  which  passes  on  to  the 
arms,  and  covers  them  as  far  as  the  edge  of  the  ventral  groove. 

There  is  a  larger  number  of  knob-like  and  spicular  processes  in 
the  integument,  which  may  vary  very  greatly  in  character.  A 
special  form  is  very  common  among  the  Asteroida  ;  namely,  bundles 
of  movable  spicules  attached  to  a  common  stalk  (paxillie).  The 
pedicellari^  ara  described  in  §  100. 


§  165. 

This  dermal  skeleton  is  modified  in  the  CVinoida.  Tlie  dorsal 
integument  is  drawn  out  into  a  stalk,  to  tho  end  of  which  the 
animal  is  attached.  The  skeleton  of  the  stalk  is  formed  of  cal- 
careous plates,  which  lie  regularly  one  over  tho  other^  and  are  con- 
nected with  flattened  basal  pieces,  to  which  other  calcareous  plates, 
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wHcli  form  the  boundaries  of  the  body,  are  attacted.  In  tbo  young 
stages  of  tho  ComatuloQj  a  simple  knob-liko  piece  (centro- dorsal) 
unites  the  iskeleton  of  the  stalk  with  the  body.  Radial  joiuted 
pieceSj  which  are  continued  into  the  joints  of  the  arms,  are  attached 
to  the  central  piece.  The  ambulaeral  groove  extends  along  the 
dichotomous  branches  of  the  arms  (PentacrinuB),  as  well  aa  along 
the  lateral  appendages  {pinnolaD  of  Comafuk)  which  are  set  alter- 
nately  on  either  side  of  the  arms.  The  groove  becomes  united  with 
the  groove  of  the  next  arm,  and  passes  along  the  ventral  surface  of 
the  cup-shaped  body  as  far  as  the  mouth.  Deposits  of  calcareous 
plates  are  embedded  in  all  parts  of  the  portion  of  the  integument 
which  remains  soft  and  covers  over  the  skeleton. 


§  160. 

The  differences  in  the  dermal  skeleton  of  the  Echinoida,  and  the 
conserpient  changes  in  the  form  of  their  body,  as  compared  with  the 
Asteroidnj  are  chiefly  duo  to  the  calcification  of  the  oral  (ventral) 
perisome,  that  is  of  the  portion  wln'cli  covers  the  ambulaeral  groove 
and  the  soft  parts  which  lie  in  it,  and  which  is  permanently  soft 
in  the  Asteroida.  In  the  place  of  the  articulated  joints,  there  are 
plates  which  are  calcified  externally,  and  are  connected  with  the 
body  in  various  ways. 

In  the  Desmosticha  the  portion  which  corresponds  to  the  dorsal, 

or  aboral  polo  of  the  Starfish  is  a 
small  surface,  marked  off  by  small 
loosely-articulated  calcareous  plates, 
placed  excontrically  to  the  anus  (Fig. 
103,  .jt).  This  surface,  which  occupies 
the  centre  of  the  so-called  apical  pole 
of  the  Sea- Urchin,  is  surrounded  by 
larger  calcareous  plates,  which  carry 
the  orifices  of  the  genital  organs,  the 
genital  plates  (j/) ;  one  of  these  is  tlie 
madreporic  plate  (m).  Five  pieces 
{intergenital  plates,  /j/)  are  attached 
to,  and  partly  intercalated  between 
these,  and  from  the  former  five  rows 
of  paired  plates  extend  to  the  ornl 
surface.  These  are  traversed  by  fine 
pores,  by  menus  of  which  the  suckers 
communicate  with  the  interior.  These 
are  the  ambulaeral  plates  (a),  which 
make  up  the  anibulacml  areoe.  The 
ambulaeral  rows  of  the  calcified  peri- 
some of  the  Sea-Urchins  are  homo- 
logous w^ith  the  permanently  soft 
perisome  of  the  Starfishes,  which  covers  over  the  ambulaeral  groove 
on  the  ventral  surface  of  the  arms.     The  rows  of  non-perfomted 


T\\i.  103*  Apk-al  pole  f^f  an 
K  c  li  1  n  u  @.  It  A Dibu lateral  arcir. 
t  IiJtcniTiibiikcml  m-prt'.  [f  Gc?nitfil 
plftteg.  ij  hiU^v^Qtiitn)  plates,  m  A 
genital  plcife  with  tbo  etiaraoters 
of  a  tnaiireporic  plato.  j*  Am«8 
|>]lafe<lin  the  apical  area  Biin-ounded 
by  tbo  genital  plates.  Tlie  krioba 
of  tlie  plates  aro  fif,rured  id  only  one 
ambolacral  and  one  interambulacral 
nrttk  ;  in  tho  former  the  pore  a  also, 
whieh  are  omit  ted  from  the  other 
four,  are  indicate*!. 
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plates,  which  lie  between  the  ambulacral  tracts  (intemmbukcral 
area?,  !}^  are  homologous  with  the  marginal  plates  of  the  arms  in 
the  Asteroida.  There  are  two  rows  of  interambulacralj  as  well  as 
of  anibulacral  plates.  The  Echiuoida  of  earlier  periods  had  a  larger 
number  of  these  rows — ^furms  with  three,  five,  and  cyen  seven  rows 
in  one  interambulacral  area  are  known. 

These  pieces  are  connoeted  with  one  another  iu  different  w^ajs. 
In  many  Echinoida,  as  in  the  Asteroiduj  the  calcareous  plates  of  the 
perisome  are  niovablj  connected  together,  and  so  allow  of  changes  iu 
the  form  of  the  body.  In  the  family  of  the  Ecbinotbnrida  the 
plates  of  tlie  perisome  arc  movably  connected  with  one  another, 
so  that  the  body  is  able  to  change  its  form.  The  ambulacral  as  well 
as  the  interambnlacral  plates  project  over  one  another  like  the  tiles  of 
a  roof  in  the  middle  of  each  area,  and  the  interambulacral  ones  are 
separated  laterally  from  one  another  by  a  narrow  intermediate  space. 
Owing  to  the  thinness  of  these  plates  the  soft  parts  of  the  perisome  are 
of  more  iniportance  than  they  arc  in  other  families  of  the  Echinoi'da, 
These  pktes  are  also  continued  with  slight  modi  heat iona  on  to  the 
area  around  the  mouth,  while  in  the  rest  of  the  Desmosticha  this 
portion  is  more  sharply  marked  off  from  the  rest,  *So  far  the 
Echinothurida  approximate  to  indifferent  conditions^  and  form  an 
intermediate  step  between  the  other  Desmosticha,  and  the  hy])o- 
thetical  forms  which  can  be  derived  fi-om  the  AsteroTda.  This  point 
of  view  is  further  justified  by  tiie  fact  that  a  firm  fascia  extends 
along  each  ambulacral  area  on  the  inner  face  of  the  shelb  and  sepa- 
rates the  parts  (nerves,  vesselSj  ampulhe)  which  lie  on  the  ambulacruui 
from  the  coelom.  It  forms  a  process,  which  is  attached  to  either 
side  of  an  andjuhuiral  groove^  and  projects  some  way  into  the  coelom ; 
thi.s  process  is,  moreover,  fenestrated  by  fine  pores.  This  arrange- 
ment corresponds  to  the  skeleton  of  the  ambulacral  groove  in  the 
Asteriduj  which  is  calcified  in  this  portion  in  them  ;  while  the  same 
portion  in  these  forms,  in  which  the  perisome  corresponding  to  the 
ambulacral  groove  of  the  Asterida  is  formed  by  calcareous  plates, 
remains  soft. 

Several  important  modifications  of  the  regular  furm  of  the  dermal 
skeleton  of  the  Echiuoida,  which  are  not  directly  comparable  with 
the  arrangements  found  in  the  AsteroTda,  are  developed;  these  are 
accompanied  by  the  disappearance  of  the  rest  of  the  primitive  dorsal 
pemonie,  and  by  the  passage  of  the  radiate  into  other  forms.  The 
ambulacral  arete  no  longer  extend  regularly  from  the  mouth  to  the 
back;  in  the  Spatangida>  and  Clypeastrida3  they  are  limited  to  a 
five-leaved  rosette  (ambulacra  petaloTdea)  placed  on  the  dorsal  sur^ 
face.  At  the  same  time  the  number  of  plates,  which  is  very  large 
in  the  regular  Echinolda,  is  diminished ;  so  that  there  is  a  smaller 
number  of  larger  plates. 

The  internal  skeleton,  which  in  the  AsteroTda  is  formed  by  the 
skeleton  of  the  ambulacral  groove,  is  represented  in  the  EchinoYdaby 
processes  of  the  ambulacral  plates.  These  processesj  which  are  well 
developed  in  Cidaris,  for  example,  embrace  the  nerves  as  well  as  the 
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Fig.  104.  Pedioolliiria3 
uf  E  c  h  i  n  n  s  a  ii  x  a. 
L  i  li  a.  J.  A  PediL-cl- 
laria  with  ita  pincer- 
arms  opeo  ;  B  With 
them  closed  (ftftev 
Erdl). 


ainbalarcral  canal,  and  so  point  to  an  affinity  with  tliis  skeleton. 
The  skeleton  of  the  imvsticatory  apparatus  in  the  EchinoTda  and 
Clypeastnda  id  to  be  regarded  as  an  independent  development ;  it 
snrrounds  the  eomniencemont  of  tho  enteronj  and  cousista  of  a 
number  of  calcareous  blocks  eoimected  together  like  a  scaffold. 

Spine-like  proce-ssos  are  connected  with  the  iutegument  in  the 

EcbinoYda^  as  well  as  in  the  Astero'ida,  but  they 

J  B       are  more  independent  owing  to  their  power  of 

(  ft  i\        /Wy         moTenient.     They  are  articulated  to  protuber- 

II;        /mU        winces  of  the  calcareous  plates^  and  are  provided 

\M/  j     /o\       with  a  special  system  of  muscles.     The  spines 

^     '         '       vary  greatly  in  fonn  and  size  ;  sometimea  they 

are  as  fine  as   hairs  (Spatiingid«e)  j   sometimes 

club -like  structures  ( Acrocladia) ;  sometimes  they 

are  long  rods  (Cidaris). 

The  Pedicellarife  are  also  dermal  organs 
of  a  peculiar  character,  which  are  found  in  tho 
Aflterolfda,  as  well  as  in  the  Echinotda.  They 
consist  of  a  stalk-like  muscular  process  of  the 
integument^  which  is  supported  at  its  cud  by  a 
fine  calcareous  skeleton;  it  terminates  in  tiiv^o  or  three  pineer-Iiko 
valves,  which  are  movable  on  one  another.  Tlicso  too  are  provided 
with  a  calcareous  skeleton.  In  the  EchinoYda  the  three- valved, 
and  in  the  Asterida  the  two-valvod  forms  predominate,  Brisinga 
resembles  the  Asterida  in  this  point.  They  are  scattered  over  the 
whole  body ;  but  in  tho  Asterida  they  are  principally  found  at  the 
base  of  the  spiculeSj  and  in  the  Ecbinolda  in  the  peri  some  around 
the  mouth. 

These  bodies  may  be  regarded  as  spines  modified  in  such  a  wiiy 

that  the  incompletely  calcified  stalk  of  the  pedicellaria  corresponds 

to  the  stalk  of  the  paxilla  of  the  Asterida;  the  tuft  of   spinules 

on  the  latter  being  represented  hj  the  arms 

of    the    pedicellaria,    which    are    moved   by 

muscles,  just  as  are  the  spines  of  tho  Echi- 

no'ida.     The  four-valved  pediceliariaj  of  Cal- 

veria   fenestrata    are    intermediate    between 

V  i      4     'S.O/^      the  more  common  podicellariie  and  the  paxilla?, 

\^^^^         \— /  for  each  of  the  valves,  which  is  provided  lA'itli 

a  long  stalk,  is  continued  into  a  broad  lamella, 

bent  over  at  its  edges* 


"nr^ 


Fig,  105.  A  Calcajreoas 
iinubor.  B  CaloareooB 
plate,  whioli  aetvm  to 
attach  the  former |  from 
tbe  integument  of  S}'- 
ti  a  p  t  a  lappa  (alter  J. 
Muller). 
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In  the  Holothuroida  tho  integument  has 
no  longer  any  der  mo -skeletal  significance. 
The  calcareous  plates  of  the  other  Echinoderma  are  represented  by 
disconnected  deposits  of  lime  in  the  firm  dermal  layer. 

The  calcareous  deposits  of  tho  akin  are  definite^  and  often  very 
regular  in  form ;  and  these  forms  are  characteristic  both  in  Synapteo 
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and  Holothuriae.  They  sometimes  form  larger  firm  pieces,  such  as 
the  scutiform  structures,  which  cover  the  dorsal  or  antambulacral 
surface  in  Cuvieria,  and  which  though  much  smaller  are  widely 
distributed  in  the  dermis  of  Echinocucumis. 

In  the  Holothuriae  the  leathery  layer  of  connective  tissue  becomes 
very  strong  indeed,  but  it  is  quite  soft  in  the  Synapta).  In  these 
latter,  however,  there  are  calcareous  bodies  deposited,  which  are 
frequently  definite  in  form ;  such  as  the  calcareous  rotulas  of  the 
Chirodotae,  or  the  fenestrated  plates  (Fig.  105,  B)  into  which  the 
bases  of  the  anchor-shaped  hooks  (^1)  arc  inserted.  These  latter 
project  from  the  integument,  and  give  to  the  skin  of  the  Synaptee 
its  great  power  of  attachment. 

The  HolothuroYda  also  possess  an  internal  skeleton  proceeding 
from  their  dermal  one.  It  consists  of  a  calcareous  ring  surrounding 
the  gullet,  which  serves  as  a  point  of  insertion  for  the  muscles  of  the 
body,  and  as  a  support  for  the  other  organs.  In  the  HolothuriaD  it 
consists  of  10,  and  in  the  Synaptea  of  12-15  separate  pieces.  In 
the  former  five  larger  pieces  alternate  with  as  many  smaller  ones, 
and  are  more  or  less  movably  connected  with  one  another.  They 
are  homologous  with  the  processes,  which  project  inwards  from  the 
oral  edge  of  the  shell  in  the  EchinoYda.  Like  those  processes, 
they  are  provided  in  the  Synapta)  with  pores,  which  give  passage  to 
the  nerves  and  ambulacral  canals;  in  the  Holothurise  these  organs 
pass  out  through  forked  processes. 


Muscular  System. 
§  168. 

In  the  Echinoderma,  as  in  the  Vermes,  the  muscular  system  is 
connected  with  the  integument,  and  the  structures  derived  from  it. 
The  arrangement  of  it  is  essentially  dependent  on  the  development 
of  the  dermal  skeleton,  so  that  it  is  only  developed  into  a  system  of 
body  muscles  in  those  cases,  where  the  *body  .is  able,  thanks  either 
to  the  articulations  of  its  separate  firm  parts  (Asterotda  and 
Crino'ida),  or  to  the  presence  of  disconnected  calcareous  deposits  in 
its  integument  (HolothuroYda),  to  change  its  form. 

In  the  Asteroida  and  Crino'ida  the  musculature  of  the  arms,  like 
the  arms  themselves,  is  jointed ;  it  fills  up  the  interspaces  between 
the  solid  parts.  In  the  CrinoYda,  where  the  skeletal  parts  of  the 
arms  are  connected  together  by  elastic  tissue,  these  muscles  lie  on 
the  ambulacral  or  ventral  surface  of  the  body,  and  serve  principally 
to  bend  them,  while  the  elastic  tissue  between  the  joints  straightens 
them  again.  The  same  arrangement  obtains  in  the  pinnute  of  the 
CrinoYda. 

This  system  of  muscles  is  rudimentary  in  the  EchinoYda,  where 
the  perisome  is  hardened  into  a  firm  ''shell"  consisting  of  inmiovably 
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coiiDected  pieces;  in  them  the  only  separate  muscles  on  the  shell 
are  those  which  move  the  spicules  or  spicukr  processes  ;  those  too 
which  are  fouud  in  tho  interior  of  the  body  serve  only  to  move 
definite  organs,  as  for  example  the  muscles  of  the  masticatory  appa- 
ratus of  the  Sea-Urcbm.  In  the  Spatangida^  however,  the  shell  is 
movable  at  one  point. 

Very  different  relations  obtain  iu  the  HolothuroTda,  where  tho 
absence  of  large  skeletal  pieces  leads  to  a  proportidiiate  development 
of  the  muscular  system.  Its  connection  with  the  integument  is  very 
definite.  There  is  a  circular  layer  of  muscle  beneath  the  connective 
tissue  of  tho  skin  ;  within  this  are  five  longitudinal  bands  of  muscle^ 
which  are  sometimes  divided  (Fig,  113,  m)  and  are  separated  by 
intermediate  spaces  of  varying  breadth  ;  these  bands  are  inserted 
anteriorly  into  the  already  described  calcareous  ring  (i/).  They  are 
connected  through  the  five  pieces  which  are  pierced  so  as  to  give 
passage  to  the  nerves  and  ambulacra  1  vessels ►  The  circular  layer  is 
contirnious  only  in  the  Synapta? ;  in  the  Holoihuria3  it  is  broken 
through  at  the  radii,  so  that  it  really  consists  of  interradial  transverse 
fibrous  tracts  only. 


Nervous  System, 

§  169. 

The  principal  parts  of  the  nervous  system  of  tho  Ecbinoderma 
consist  of  a  number  of  trunks,  corresponding  with  the  antimeres  of 
the  body;  they  are  placed  ventrally  and  have  a  radial  direction,  and 
are  also  connected  by  commissures  around  the  oesophagus*  These 
commissures  are  formed  by  each,  of  the  nerve-trunks,  which  ac- 
companies the  anibulacnil  vessels,  being  divided  into  two  halves 
near  the  mouth  ;  these  pass  to  each  side,  and  become  connected 
with  tho  corresponding  halves  of  tho  neighbouring  nerve-trunks, 
which  go  to  meet  them.  In  this  way  a  ring  is  formed,  which  sur- 
rounds the  gullet,  wbiclij  however,  on  account  of  its  mode  of 
formation,  must  not  be  compared  with  the  a*sophageal  ring  of  tho 
Vermes.  Each  of  the  radial  trunks  con^esponds  rather  to  tho 
ventral  ganglionic  chain,  or  ventral  medulla  of  the  Annulata ;  and 
the  commissures  therefore  between  several  such  trunks  are  connec- 
tions between  the  ventml  medulla^,  which  owe  their  origin  to  the 
concrescence  of  several  incompletely  separated  persons. 

As  to  their  more  special  characters ;  tho  position  of  the  radial 
nerves  immediately  below  the  well-developed  epithelial  layer  of  tho 
ambulacral  groove  (Fig.  100,  A  n)  in  the  Asterolda  and  Comatulte  is 
an  important  point ;  for  it  indicates  that  the  relations  between  the 
nervous  system  and  the  ectoderm  are  almost  direct.  Perhaps  this 
position  is  due  to  the  mode  of  development  of  the  radial  nerves,  and 
possibly  we  here  meet  with  a  very  low  condition,  in  which  differentia- 
tion is  not  completed,     The  fact  that  prncesses  of  the   epithelial 
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form -elements  enter  into  the  formation  of  these  uervoii8  tracts^  and 
have  the  function  of  a  supporting  tissue,  points  to  this  conclusion. 
In  the  Asterida  each  radial  nerve  consists  of  two  bands  thickened 
in  the  middlo^  in  which  cellnlar  and  fibrous  elements  are  equally 
distributed.  At  the  ends  of  the  arms  the  radial  nerves  form  a  large 
swellings  which  is  connected  with  the  optic  organs  placed  there. 

In  Comatula  this  nervous  band  has  the  same  characters.  It  is 
accompanied  by  a  blood-vessel,  which  is  placed  in  the  middle  of  it, 
andj  being  pushed  into  it  from  above,  divides  it  into  two  halves. 
Branches  are  given  off  in  regular  order  to  the  pinnula?.  In  the 
Ophiurida  the  radial  nerve-trunks  (Fig.  100,  B  n)  are  placed  in  a 
space,  covered  over  by  the  ventral  plates  {b)^  and  supported  by  a 
layer  which,  by  its  continuation  into  the  ambulacral  feet,  is 
shown  to  belong  to  the  integument.  In  many,  however  (Ophiura 
texturata),  the  nerves  themselves  are  considerably  differentiated. 
They  each  consist  of  two  nerve-chords,  in  which  masses  of  ganglionic 
cells  are  deposited;  these  correspond  to  the  metameros  of  the  amis. 
The  longitudinal  trunks  are  connected  by  transverse  commissures 
with  these  ganglia,  from  which  peripheral  nei*ves  are  given  off. 
Each  radial  nerve  therefore  represents  a  ventral  ganglionic  chain. 

The  connection  between  the  nervous  system  and  the  integument, 
although  at  first  sight  this  is  implied  only  by  the  position  of  one  on 
the  otlier,  is  an  important  aid  to  the 
comprehension  of  the  relations  of  the 
skeleton.  For  when  this  arrangement 
obtains  the  ambulacral  groove  cannot  be 
calcified ;  this  can  only  happen  when 
the  neiTous  system  becomes  more  inde- 
pendent. 

In  the  EehinoYda  provided  with  a 
masticatory  apparatus,  the  nerve-pen- 
tagon is  intimately  connected  with  it. 
In  Echinus  (Fig,  lOG)  the  nerve -pentagon 
lies  above  the  floor  of  the  oral  cavity,  be- 
tween the  oesophagus  and  the  tips  of  the 
ossicles  of  the  masticatory  apparatus, 
and  is  attached  by  five  pairs  of  bands 
in  this  position.  Tlie  nerve-truuks  (f) 
pass  from  the  angles  of  the  pentagon 
to  the  spaces  between  the  pieces  of  the 
pyramid;  and  extend  thence  over  the 
oral  integument  to  the  ambulacral  area^* 
They  are  greatly  widened  in  the  middle 
of  their  course,  and  divided  into  two 
lateral  halves  by  a  median  groove.  The  lateral  branches  from  the 
principal  trunks  accompany  the  branches  of  the  ambulacral  vessels. 
The  nervous  system  has  the  same  arrangement  in  the  Spatangidae, 
but  in  them  the  oral  ring  forms  a  pentagon  with  unequal  angles. 

The  nervous  ring  of  the  HolotburoYda  lies  just  in  fi'ont  of  and  a 


Fig.  106.  Nenrons  syatom  of 
Echinus  lividua;  tie  masti- 
catory npparatas  ia  removed. 
a  QCsophagtts  cut  tlirougk  trans* 
versely.  h  The  cotnuiissuirefl 
of  thQ  ncn^e-triinks,  forming 
a  peata^onal  cesopbngeal  ring, 
c  The  net vc-tni tike  pasdog  to 
the  radii,  d  Bands  which  hold 
together  the  tips  of  the  pyramida 
of  tho  masticatory  apparatua 
(after  Krohn}. 
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little  inslclo  tlio  calcareous  ring ;  anteriorly  it  is  limited  by  tlio  oral 
iiitcgiimoiit  (Fig.  113,  n).  As  it  is  larger  than  any  of  the  hve  nerves 
(ft)  wliicli  it  g^iyes  off,  which  is  not  the  case  in  the  neryous  ring  of 
the  AsteroKla  and  EchinoXda^  it  has  more  distinctly  the  significance 
of  a  central  organ  ;  in  this  point  some  analogies  may  be  made  out 
between  it  ancl  the  ganglionic  oesophageal  ring  of  other  animals. 
But  it  is  clear  that  it  has  no  real  homology  whatever  with  any  ring 
of  this  kind  in  consoqacnce  of  the  origin  of  the  oesophageal  ring  in 
the  Echinoderma,  already  described  when  we  were  treating  of  the 
Asteroida.  The  peripheral  nerve-trnnks  pass  out  by  openings  in 
the  five  larger  pieces  of  tho  calcareous  ring,  and  extend,  becoming 
broader  as  they  go  along  the  outer  side  of  the  bands  of  longitudinal 
muscles  to  the  hinder  end  of  the  body ;  near  the  cloaca  they  again 
diminish  in  breadth ;  they  give  off  fine  branches  along  their  course. 
Each  radial  ncrvc-truuk  may  be  divided  into  two  layers^  which  arc 
separated  from  one  another  by  a  layer  of  connective  tissue.  A 
vessel  accompanies  the  radial  nerves ;  this  is  separated  by  a  wall 
of  partition  from  tho  ambulacral  vessolsj  which  lie  still  more  to 
the  interior.  The  oral  ring  gives  off  tentacular  nerves,  in  addition 
to  these  radial  trunka. 


Sensory  Organs. 
§  170, 

Definite  portions  of  the  integument  have,  in  this  group  also,  a 

Bpecial  significance  as  tactile  parts.     The  tentacles,  as  well  as  the 

.  jtucker  connected  with  the  water-vascular  system,  may  be  reckoned 

tactile  organs,  and  the  former  become  greatly  devoloped,  and 

^o  of  greater  importanccj  when  the  ambulacral  system  is  reduced,  as 
it  ig  iu  the  Holothnrolda  (Apodia). 

Five  pairs  of  vesicles,  which  lie  on  the  roots  of  the  radial  trunks 
in  the  Synaptida3,  are  said  to  be  auditory  organs,  but  their  sensory 
function  is  as  doubtful  as  is  that  of  the  so-called  eye  specks  in  the 
Bame  genus. 

Visual  organs  are  exactly  known  in  the  Asterida  only ;  iu  all 
other  Echinoderma  mere  collections  of  pigment  are  regarded  as  eyes 
or  '*  eye*spots.^^  The  eyes  of  the  sea-stars  are  placed  at  the  tip  of 
each  arm,  which  is  ordinarily  bent  up,  and  so  tni'ned  towards  tho 
light;  they  occupy  a  pad-like  elevation  of  the  end  uf  the  ambuhicral 
groove,  the  epithelial  layer  of  which  is  formed  of  long  cylindrical 
cells,  and  is  very  thick  at  this  point.  The  rod-shaped  cells  contain 
pigment.  The  eyes  he  on  separate  points  of  the  "  optic-pad."  A 
funnel-like  cavity  covered  by  the  cuticle  has  its  walls  bounded  by 
rod-like  cells,  which  are  inclined  from  the  periphery  to  the 
funnel;  in  this  way  their  ends  form  tho  wall  of  the  funnel.  A 
transparent  body  projects  from  the  pigmented  part  of  the  cells  into 
the  cavity  of  the  funnel,  and  so  fills  up  the  greater  part  of  its  lumen. 
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As  this  apparatus  liea  on  the  terrainal  ganglionic  swolling  of  the 
radial  nerves,  and  the  colls  give  off  fine  processes  to  this  ganglion, 
the  two  parts  may  be  regarded  as  connected  at  this  point  (Astera- 
canthion  rxibens).  Each  eye  which  consists  of  a  complex  of  cells 
is  a  differentiation  of  the  epithelial  layer,  and  resembles  therefore 
the  optic  organs  of  other  Invertebrata. 


Alimentary  Canal. 

§  171. 

The  alimentary  canal,  which  varies  greatly  in  character  in  the 
adult  Ecbinoderma,  has  a  simpler  predecessor  in  the  primitive 
enteron  of  the  larval  form,  which  is  similar  in  all  Echinoderma.  Of 
course  this  does  not  refer  to  those  forms  in  which  there  is  no  larval 
stage,  and  where  the  development  is  compressed. 

The  first  rndiment  of  the  enteron  is  formed  by  the  in-growth  of 
the  cell-layer,  which  invests  the  body  of  the  young  larva.  This  gives 
rise  to  a  csecal  tnbe,  which  is  pushed  down  into  the  body,  and  the  wall 
of  this  tube  forms  the  endoderm,  while  the  outer  cell-layer  represents 
the  ectoderm.  The  organism  is  in  fact  a  Gastrula.  The  entrance 
into  the  rudimentary  enteron  is  regarded  as  the  primitive  mouth. 
A  second  invagination  soon  grows  from  the  other  side  of  the  body 
towai'ds  the  blind  end  of  the  enteron ;  this  unites  with  the  enteron^ 
becomes  hollow,  and  so  forms  a  continuous  tube  with  the  part  first 
formed.  The  parts  formed  last  are  the  month  and  the  oesophagus, 
which  is  connected  with  it^  and  the  part  formed  first  is  the  mid-  and 
the  hind-gut.  The  orifice  which  becomes  later  the  anus,  and  the 
portion  of  the  enteron  connected  with  it,  are  consequently  the  parts 
first  formed. 

The  larval  iutestinal  canal  is  formed  of  three  portions  (ef*  Fig, 
94,  A  B),  A  wide  oral  opening  leads  into  a  contractile  tube  lying 
in  the  long  axis  of  the  body ;  this  is  the  pharynx  or  oesophagus. 
Then  follows  a  wider  part,  the  mid-gut  or  stomach,  which  is  con- 
tinued into  a  narrow  and  retort-shaped  tube,  which  is  the  hind-gut 
and  leads  to  the  anns.  These  three  portions  correspond  exactly  to 
the  primitive  divisions  of  the  canal,  which  are  distiugnishable  in 
nearly  all  Vermes.  The  mouth  and  anus  are  at  first  on  different 
surfaces  of  the  body  of  the  larva.  As  the  body  is  differentiated^ 
especially  by  the  development  of  the  ciliated  band,  they  apparently 
come  to  lie  on  one  and  the  same  surface,  the  so-called  anterior  side. 
It  is,  however,  quite  clear  that  the  ciliated  band  distinctly  divides 
two  surfaces  of  the  body ;  a  decreased  oral,  and  an  increased  anal 
surface  turned  towards  the  former. 

But  before  the  enteron  is  fully  developed  by  becomiug  connected 
with  the  fore-gut,  a  portion  of  it,  which  forms  a  closed  vesicle,  is 
constricted  off.     Two  pieces  are  then  separated  off  from  this  vesicle, 
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or  two  new  vesicles  are  formed  from  the  sides  of  the  enteric  caecal 
tube.  In  this  way  three  different  bodies  are  differentiated  from  the 
enteron.  The  two-paired  vesicles,  which  lie  at  the  sides  of  the  enteron, 
represent  the  commencement  of  the  coelom;  the  third  vesicle 
becomes  connected  with  the  dorsal  ectoderm  and  opens  on  to  it ;  this 
is  the  com  men  cement  of  the  wat^r- vascular  system.  This  apparatus, 
like  the  lining  cell-layer  of  the  coelom,  takes  its  origin  therefore 
from  the  enteron,  and  fi'om  that  portion  of  it,  wliich  is  without 
doubt  its  hinder  partj  although  it  appears  first  of  all  and  grows 
inwards,  from  what  is  later  on  the  anus.  This  arraBgement  appears  to 
indicate  that  there  are  arrangements  in  the  water- vascular  system,  as 
well  as  in  the  co^lom  (for  the  two  are  connected  together),  which  are 
phylogenetically  connected  with  the  terminal  division  of  the  enteron ; 
in  this  case  this  tract  of  the  enteron  is  not  homologous  with  tfie 
enteron  of  a  Gastnda,  but  corresponds  a  priori  to  a  hiud-gut,  the 
early  development  of  which  is  clearly  due  to  the  comphcated 
character  of  the  organs  about  to  be  differentiated  from  it.  These 
organs  are  those  which  are  eapeciallj  necessary  to  the  organism.  I 
consider  therefore  that  the  first  formed  rudiment  of  the  enteron  is 
not  a  GastrEea-enterou,  and  that  its  orifice  is  not  the  primitive  mouth, 
but  that  they  are  respectively  the  true  hind-gut  and  anus.  The 
median  division  of  the  enteron  which  is  divided  from  the  bind-gut 
is  morpliologically  a  part  of  it.  The  differentiation  of  the  above- 
mentioned  organs  out  of  the  hind-gut  points  to  stages  in  wliich 
organs  were  connected  with  the  hind-gut  in  much  the  same  way  as 
they  are  in  many  Gephyrea.  But  as  yet  ife  is  impossible  to  prove 
directly  that  such  structures  have  been  passed  on  to  the  Echino- 
derma;  and  it  is  better  to  regard  these  remarkable  processes  as 
presenting  us  with  a  problem  which  has  still  to  be  solved. 

When  the  body  of  the  Echinoderm  is  formed  in  and  partly 
from  the  larva,  the  enteron  of  the  larva  does  not  completely  pass 
into  it.  The  perisome,  when  formed,  first  gi-ows  round  its  middle 
part',  and  iii  the  sea-stax's  takes  np  this  only  with  the  hind-gut.  In 
the  Echinoida  the  anus  also  appears  to  be  formed  anew.  The  larval 
enteron  is  retained  most  completely  in  the  mature  stage  of  the 
HolothuroTda. 

The  fully-developed  euteron  ia  found  to  hang,  in  the  mature 
Echinoderm,  in  a  cocloni,  which  ia  often  wide,  and  undergoes 
various  changes  during  its  differentiation,  which  are  geuei'ally  corre- 
lated with  the  characters  of  the  perisome.  As  a  rule  the  mouth 
always  retains  its  position  in  the  middle  of  the  ventral  surface  of  the 
body. 

§  172. 

The  mouth  in  the  sea-stars  has  a  radiate  form,  owing  to  the 
pro]ectioE  into  it  of  interradial  processes;  hard  papillae  and  spicules 
are  formed  by  the  perisome,  and  function  as  masticatory  organs. 
They  are  specially  developed  in  the  Ophiurida,  where  they  generally 
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form  several  rows  one  above  the  other  (Fig.  102,  d).  In  these 
therefore  the  dermal  skeleton  forms  the  organs  for  the  comminution 
of  the  food,  A  short,  wide  cesophagns  follows  the  mouth  ;  this  13 
continued  into  a  wide  mid-gut  (stomach),  which  occupies  the  middle 
of  the  body.     In  the  Ophiurida  and  many  Asterida  (Astropocten, 


Fig.   107.    TranarersG  section  throagh  tho  arm  and  disc  of   So!  aster  en  do  on. 
Tbe  radial  and  tbe  iiiterradial  portions  bto  figured    on   opposite   sidea.      o  Month, 
tf  Stonmchal  cavity,     c  Hadial  cs!ca.     g  Genital  gland,     m  Madre[ioric  plate,     a  Stone- 
canal  with  ita  so-called  heart,    p  Atnbulacml  feci  (after  G.  O.  Sars), 


Lnidia)  the  stomach  is  always  a  blind  saCj  as  it  is  also  in  Brisinga. 
Bot  in  all  Asteroida  it  is  provided  with  diverticula  or  ceecal 
Baccular  appendages^  which  are  indicated  in  the  OpUiiirida  by 
x^ial  constrictions.  The  gastric  caDca  of  the  Asterida  extend  in 
pairs  into  the  arras;  they 
ppring  from  the  stomach,  and 
have  the  form  of  thin-wallod 
tubes,  closely  beset  with 
lateral  appendages  (Figs. 
107,  c;  108,  /i),  which  as  a 
ride  are  united  by  pairs  into 
one  canal  before  they  open 
into  the  stomach.  This  tract 
represents  an  unpaired  por- 
tion of  the  enteron  belonging 
to  each  antimere  (arm)  of  the 
AsteroTda,  while  the  ctecal 
tubes  frirm  a  paired  por- 
tion. In  Astropeeten  an  ran - 
tiacus  these  tubes  arise  sepa- 
rately from  the  stomach.  The 
unpaired  portion  in  each  arm 
has  therefore  disappeared  in 
this  form,  and  with  it  the 
primitive  condition »  In  most 
of  the  Asterida  the  short  hind-gut  is  continued  from  the  stomach 
to  the  anus,  which  is  placed  on  the  dorsal  surface. 

The  enteric  tube  of  the  Crino!da  (Comatula)  is  modified;  it  describes 
a  spiral  coil,  and  its  narrower  short  terminal  portion  passes  into  a 
tubular  and  projecting  anus,  which  is  placed  interradially  near  the 
mouth.  This  coiled  arrangement^  which  is  apparently  very  anomalous^ 


Fig.  108.  A  fi  t  c  r  i  fl  c  u  a  v  e  r  r  u  c  n  1  a  t  a  h  ; 
opened  on  the  d<jrsal  sni-face.  a  Anus, 
i  Itosette^shnpcd  enlarged  enteron  (litomaeh). 
h  Tubulai'  radial  appeudagea  of  tho  onteron, 
£f  Genital  ^landB. 
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may  be  alsa  seen  in  young  Aaterolfda ;  in  them  it  is  only  seen  for  a 
time  during  their  development^  but  in  the  CrinoTdn  it  is  continued 
as  a  permanent  condition. 

The  enteron  is  attached  to  the  body-wall  by  radial  fibres.  The 
radial  caeca  of  the  AsteroTda  are  attached  to  their  body-wall  by  a 
special  peritoneal  fold,  which  extends  along  each  ccecnm. 


§  173. 

In  the  EchinoTda  the  mouth  is  similarly  provided  with  Mastica- 
tory Organs^  but  they  are  removed  from  the  outer  surface  and  placed 
in  the  ccelom.  They  there  form  an  apparatus,  which,  in  the  Clypea- 
strida,  consists  of  five  pairs  of  triangular  calcareous  pieces,  but  in  the 
Echinothurida,  Cidarida,  and  Echinida  is  much  more  complicated* 
Five  pieces  directed  towards  one  another  carry  a  tooth-liko  point, 
and  are  umitcd  with  several  others  into  a  complex  organ  known  as 
the  "  Lantern  of  Aristotlo  j  ^^  the  oesophagus  traverses  it.  The 
enteric  tube  always  describes  several  coils.  The  narrow  fore-gut 
passes  into  a  wider  portion,  which  forms  the  longest  part  of  the  canaL 
It  has  sometimes  faintly-indicated  diverticula  (Echinida),  sometimes 
veritable  caoea  (Clypeastrida),  which  (as  in  Lagan um)  project  into 
the  cavity  of  body  which  is  marked  off  by  the  supporting  pillars 
of  the  calcareous  shell.  In  these  forms  *^  mesenteric  fibres  ^'  extend 
to  the  body-wall  for  the  whole  length  of  the  coiled  intestine. 

In  the  Holothurofda  the  enteric  tube,  which  is  longer  than  the 
body,  forms  a  double  loop,  whOe  in  the  Synaptte  (with  the  exception 
of  the  Chirodotae)  it  extends  sti^aight  through  the  body-cavity,  and 
is  provided  with  numerous  diverticula.  A  muscular  portion  of  the 
enteron  which  succeeds  the  oesophagus  is  to  be  regarded  as  a  special 
differentiation;  it  appears  to  function  as  a  muscular  stomach 
(SynaptEc).  This  chai-acter  is  also  seen  in  the  Asterolda,  where  the 
oesophagus  has  in  the  same  way  a  stronger  muscular  wall  than  the 
rest  of  the  intestine.  The  portion  of  the  intestine  behind  the 
muscular  part  in  the  Holothnrotda  may  thus  coiTespond  to  the 
stomach  of  the  AsteroXda.  The  end  of  the  canal  is  widened  out  in 
the  HoIothuroTda ;  but  this  only  corresponds  to  the  hind-gut  of  the 
Asteroida,  although  it  is  called  a  cloaca;  it  has  two  or  more  arbores- 
cent organs  opening  into  it* 

A  sieve-like  fenestrated  lamella  fastens  the  canal  to  the  body- 
wall.  This  mesentery  is  simpler  in  the  Synapta>  which  have  a 
straight  canal,  while  in  Chirodota  it  is  separated  into  three  parts,  in 
correspondence  with  the  extent  of  the  enteric  loop ;  each  part  is 
connected  with  an  intermdial  portion  of  the  body -wall. 


ALIMENTAEY  CANAL  OF  ECHINODEE^^IA. 
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Appendages  of  the  Alimentary  Canal, 
§  174. 

The  above-mentioned  radial  csoca  of  the  Asterotda  might  be 
regarded  as  organs  differentiated  from  the  primitive  enteron^  were 
it  not  that  they  must  be  regarded  differently  from  a  phylogenetic 
point  of  view.     I  consider 

that    only    certain   otiier  ^ 

interradial  croca  are  to 
be  regarded  as  appen- 
dages of  this  kind ;  they 
present  very  varioos  de- 
grees of  development*  In 
the  aproctons  Astenda 
they  are  absent,  or  are  re- 
duced to  two  (Astropec- 
ten),  while  in  tho  others 
they  are  often  very  greatly 
developed.  Archastor  has 
five  such  csecal  sacs,divided 
at  their  ends,  and  in  CuU 
cita  this  division  is  carried 
still  fnrtherj  so  that  each 
branch  forms  a  racemose 
tube.  In  this  way  these 
appendages  acquire  tho 
form  of  glandsj  and  ex- 
hibit rehitionship  with  a 
structure  which  is  very 
common  in  the  Holothu- 
roYda. 

The  structure  in  ques- 
tion is  connected  with  the 
terminal  portion  of  tlie 
alimentary  canal j  known 
as  the  *'  cloacaj*^  and 
as  a  rule  consists  of  two 
chief  trunksj  with  short 
branches  J  which  extend 
forwards  throughout  the  whole  length  of  the  body-cavity  (Fig.  109, 
r),  and  are  provided  with  a  large  number  of  ramified  ctBcal  tubes* 
Although  the  function  of  these  organs,  which  were  formerly  known 
as  "lungs/^  and  considered  to  bo  internal  respiratory  organs,  is 
different  from  that  of  the  interradial  ca3cal  tubes  of  the  enteron  of 
the  Asterida,  yet  they  are  exactly  the  same  mori^hologically,  and 
are  a  further  development  of  the  simpler  tubes  of  the  Astorida. 


Fig.  109.  Enteric  canal  and  treo-Iiko  organs  of 
a  H  0  1  o  t  h  u  r  i  a  n,  o  Mowtli.  i  Enteric  tube, 
d  Clo&ea.  a  Anns.  e  Branclicd  fit ono* canal. 
p  Poliao  Tcaicle.  rr  Tree-liko  organa.  r '  Connec- 
tion between  them,  at  the  opcnmg  into  tho  oloaea. 
in  Longitudinal  musciil&r  layer  of  the  body. 
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The  function  of  these  organs  is  not  at  all  certain.  The  view 
tliat  thoy  arc  respiratory  organs  is  opposed  to  tlie  fact  that  only  on© 
of  them  has  any  connection  with  the  network  of  blood-vessels, 
while  the  other  is  merely  attached  to  the  body-wall,  and  projects  into 
the  body-ctivity.  Ilowever,  the  fact  that  water  is  taken  np  by  these 
organs,  and  is  ao^ain  expelledj  chiefly  by  the  aid  of  the  strong 
rauficular  wall  of  the  liind-gut,  is  of  iraportance. 

In  some  Apodia  (Molpadia  boreal  is)  they  arc  only  provided  here 
and  there  with  branched  cnoca,  while  in  others  the  number  of  C£Bca  is 
increased.  Thus  in  M.  chileiisis  not  only  is  one  of  the  trees  divided, 
but  the  rectum  also  bears  a  number  of  smaller  trees.  The  organ 
is  divided  five  times  in  some  Lisarmatidfe,  They  ai*o  simpler  in 
character  in  Echinocucumis  {E.  typicus),  where  they  form  long  fine 
tubes,  provided  with  one  short  branch  only. 

The  tree-like  organs  of  the  Holothurino  are  absent  in  the 
Syuaptas,  but  there  is  an  arrangement,  which  as  yet  is  only  very 
incompletely  understood ;  this  consists  of  canal  a  j  which  are  placed 
along  the  insertion  of  the  mesentery  and  open  into  the  coelom  by 
funnel-like  ciliated  orifices  (Chirodota  pellucida). 

Glandular  organs  are  also  present  on  the  rectum  of  many 
Holotlmrite  in  addition  to  the  tree-like  organs*  These — the  Cuvierian 
organs — either  form  unbmnched  ca^cal  tubes,  which  are  inserted 
singly  or  in  thick  tufts  (Bohadschia,  etc.),  or  they  form  racemose 
organs  (Molpadia),  or,  finally,  filamentons  canals,  beset  with  lobate 
tufts  of  glands,  and  arranged  in  a  whorl  (Pontacta  and  Mnelleria), 
They  secrete  a  substance  which  forms  fine  sticky  filaments,  which 
may  serve  as  organs  of  defence. 


Ccelom* 
§  175. 

The  development  of  the  coelora  from  a  vesicalar  Btructure  cut 
oflF  from  the  earliest  rudiments  of  the  enteron  (§  171)  gives  to  this 
cavity  a  different  signilication  to  that  which  it  has  in  other  divisions, 
where  the  coelom  is  not  formed  from  any  part  of  the  rudiments  of 
the  enteron.  The  importance  of  this  point  must  not  be  overlooked. 
But  it  may  well  be  supposed  that  the  water- vascular  system,  which 
is  developed  in  just  the  same  way,  formed  an  apparatus  which 
primitively  formed  part  of  the  ccelom,  and  was  connected  with 
the  hind-gut. 

The  two  ccelomatic  tubes  nipped  off  from  the  enteron  gradually 
increase  in  size,  and  by  becoming  attached  in  part  to  the  enteron, 
and  in  part  to  the  body-wall,  form  the  more  or  less  spacious  cavity 
of  the  ccelom.  The  mesenteric  filaments  or  bands  which  pass 
from  the  perisome  to  the  enteron  are  to  be  regarded  as  the  remains 
of  the  walls  of  these  primitive  structures. 

As  the  radiate  Echinoderm  body  becomes  developed,  the  ccelom 
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passes  into  the  rays.  Thus  in  the  Asterida  and  in  Brisinga  it 
extends  through  the  arms.  The  same  thing  happens  in  the 
CrinoTdaj  but  in  theio  the  canals  are  narrower.  In  each  aroi  it  can 
be  divided  into  three  parts,  which  are  connected  with  special 
divisions  of  the  coclom  of  the  disc.  This  latter  portion  is  separated 
into  several  divisions  by  connective  bands,  which  here  and  there 
form  memhranons  tracts;  they  communicate  with  one  another  at 
certain  points^  and  at  other  points  pass  into  the  canals.  In  the 
Echinolda  and  Ilolothuroidaj  where  the  organism  is  more  concen- 
trated, the  coelom  is  more  simple.  In  the  former,  however,  the 
mesenteric  filaments,  and  still  more  the  calciiied  pillars  and  columns, 
which  traverse  the  coelom  of  the  Clypeastridte,  remind  us  of  divisions 
into  separate  parts ;  several  such  spaces  are  also  marked  off  in  the 
coelom  of  the  Holothurotda.  In  the  Asterida  and  Echinida,  aa  well 
as  in  the  Holothuro'fda,  the  parietal  and  visceral  tracts  of  the  coelom 
have  been  ohserTcd  to  he  provided  with  cilia.  The  contents  of 
the  coelom  appear  to  be  the  same  in  character  as  the  blood,  so  that 
in  it  we  hare  to  recognise  a  portion  of  the  h loo d- cavity.  In  some 
cases  communications  with  the  exterior  have  been  definitely  observed 
(Crinoida) ;  as  also  communications  with  the  water- vascular  system 
(Crinofdii,  HolothuroTda).  The  first  set  are  due  to  nuraeroas 
canal iculi,  wliich  traverse  the  interradii  of  the  perisomo^and  open  by 
the  so-called  calycine  pores. 


Vaseular   System. 

Blood-Vessels, 

§  176. 

The  nutrient  fluid  in  the  Echinoderma  is  a  clear,  or  slightly 
opalescent  fluids  which  is  seldom  tbick  or  even  coloured,  and  w^hich 
is  very  probably  mixed  with  the  water  which  is  taken  in  from  the 
exterior.     The  form-elements  in  this  fluid  are  simple  cells. 

The  blood-cavity  is  formed  in  the  first  place  by  a  special  system  of 
canals,  but  also  by  the  coelom,  which  is  probably  connected  with  a 
third  cavitary  system,  the  system  of  so-called  water- vessels.  Owing 
to  the  uncertainty  of  our  knowledge  of  this  Vascular  System,  that 
is,  of  its  mutual  relations  and  connections,  it  is  as  yet  impossible  to 
make  any  generahsation  which  will  hold  for  all  the  divisions; 
although  indeed  remarkable  progress  has  lately  been  made  in  our 
knowledge  of  tliis  part  of  the  anatomy  of  the  Echinoderma.  But 
from  the  similarity  of  construction  of  these  canals  and  spaces  we 
may  suppose  that  a  connection  between  them  does  really  exist. 

The  close  association  of  the  htemal  system  and  the  nerve- tracts 
may,  however,  be  regarded  as  a  general  arrangement.  A  blood- 
vascular  trunk  accompanies  each  radial  nerve-trunk,  and  is  continued 
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into  a  circular  canal,  wliicli  snrrounds  the  nioutli.  Tlio  radial 
vasculfir  trunk  corresponds  to  the  ventml  vessel  of  the  Vermes, 
which  has  a  similar  relation  to  the  ventral  medulla.  A  tube 
wtiich  passes  from  the  oral  ring  to  the  stoue-canal  (for  which  see 
below)  was  formerly  regarded  as  the  heart,  but  this  organ  cannot  be 
i^garded  as  rucIu  The  same  remark  applies  to  the  einiilar  structure 
in  the  Echinoida.  Wo  have  therefore  still  to  search  for  a  heart  as 
the  central  organ  of  the  blood- vascular  system.  The  enteric  vessels 
foi'm  a  second  division  of  the  blood- vascular  system. 

In  the  EchinuTda  the  nerves  lie  within  the  radial  blood- vascular 
trunks;  in  the  Crinoida  and  Holothuroida  they  lie  on  their  outer 
side,  and  tlie  same  is  the  case  in  the  Asterida  and  Ophinrida.  The 
circnlor  vessel  surrounding  the  mouth  in  the  Asterida  and  Orinuida 
and  in  the  Spatnngida3  among  the  EchinoYdftj  where  it  has  the  form 
of  a  wide  sinus,  is  described  as  having  the  same  relations  to  the  nerve- 
tract  ;  although  in  Echinus  there  is  said  to  be  a  blood-vessel  placed 
farther  from  the  mouth,  and  above  the  masticatory  apparatus  which 
surrounds  the  oesophagus.  It  is  probable  that  tliis  separation  of  the 
blood-vessel  from  the  nerve -ring  is  due  to  the  development  of  the 
mas^ticatory  apparatus.  In  the  Holothuroida  the  adoral  blood- 
vascnlar  ring  is  connected  with  the  nerve-ring,  but  is  placed  inside 
it,  and  nearer  the  month.  It  may  break  np  into  a  plexus.  The 
aboral  vascular  ring  found  in  the  Asterida  and  Eehiuida  does  not 
appear  to  have  so  much  morphological  importance,  as  it  is  confined 
to  a  few  divisions.  Other  vessels,  which  surround  the  generative 
glands,  and  there  form  wide  sinus-like  spaces,  pass  into  it,  in  addition 
to  the  vessels  from  the  perisome.  In  Comatula  also  a  vessel, 
which  forma  a  covering  around  the  genital  chord,  is  continued  into 
the  arms  and  pinnulje.  In  the  AsteroKda  and  Crinoida  the  vessels 
of  the  enteric  caual  aro  not  independent.  In  Comatula  they  form  a 
network,  with  wide  meshes^  in  the  ccelom  ;  this  is  connected  with 
the  oral  vascular  ring,  A  bundle  of  vessels  passes  from  this  net- 
work, along  the  axis  of  the  cup  to  the  centrodorsal  plate,  forming 
a  special  organ  widened  out  into  five  chambers,  the  importance 
of  which  is  not  known. 

The  enteric  vessels  in  the  Echinorda  and  Holothorocda  are  more 
independent.  A  dorsal  and  a  ventral  vessel  can  be  distingnished, 
which  have  just  the  same  characters,  as  the  same  vessels  in  the 
Vermes  (cf.  §  138).  In  Echinus  the  dorsal  vessel  is  double,  foi'  in 
addition  to  the  one  which  runs  directly  on  the  enteron  there  is  one  a 
little  way  fi'om  it,  which  gives  ofE  branches  to  the  former  one,  as 
well  as  to  the  enteron.  In  the  Spatangidce  the  ventral  vessel  has 
been  observed  to  communicate  with  the  water-vascular  ring.  The 
enteric  vascular  trunks  of  the  HolothuroTfda  are  enlarged  in  the 
middle  of  their  course,  and  the  dorsal  vessel  passes  into  retia 
mirabilia. 


WATEH-YISSELS  OF  ECHINODEBMA. 
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Water-Vessels, 

§  177, 

111  describing  tlie  ambulacra  (§  WO),  mention  was  made  of  a 
"water-vascular  system/^  which  took  in  water  from  the  exterior^ 
and  carried  it  to  the  ambulacral  organs,  which  it  put  into  the  condition 
of  erection.  Other  organs  in  addition  to  the  structures  which  take 
pai't  in  locomotion  are  filled  by  this  system  of  canals ;  and  these  wo 
hayo  already  spoken  of  as  modifications  of  the  ambulacral  feet.  The 
probability  of  this  system  of  canals  being  a  portion  of  the  blood- 
vascular  system  has  been  already  pointed  out.  Communications 
have  been  noticed  at  several  points;  and  in  some  oases  openings 
into  the  ca4oni  also  have  been  distinctly  observed.  It  is,  however, 
not  yet  certain  how  far  these  vessels  have  been  formed  from  other 
organs.  In  any  case  we  must  still  regard  tho  water- vascular  system 
as  being  independent,  especially  as  its  development  shows  that  it 
is  so,  and  as  an  important  division  of 
the  system  (stone-canal^  etc.)  arises  aa 
a  structure,  which  is  primitively 
quite  indopondent  of  the  circula- 
tory system. 

In  the  larvae  of  the  Echinoderma  the 
water-vascular  system  is  formed  by  a 
diiferentiation  from  the  carhest  rudiment 
of  tho  enter  on;  as  it  gets  nipped  off,  it 
forms  a  transparent  tube,  ediated  in- 
ternally, and  connected  with  the  integu- 
ment on  the  back  of  the  lai^a,  where  it 
soon  opens  by  a  pore.  When  in  this 
condition  the  organ  has  a  close  resem- 
blance to  the  excretory  organs  in  the 
krva3  of  many  Vermes  (SipuneuUdae), 
so  that  fi'om  this  point  of  view  it  does 
not  seem  improbable  that  the  water- 
vascular  system  has  been  differentiated 
from  a  primitive  excretoi-y  apparatus. 

This  tube,  with  the  other  rudiments 
of  thoEchinoderm  (Fig.  110,  A),  becomes 
gradually  surrounded  by  tho  perisome] 
it  then  changes  its  form  by  becoming 
metamorphosed  into  a  five4eavod  rosette 
{%),  The  portion  which  still  continues 
to  open  to  the  exterior  by  the  dorsal  pore  gradually  changes  its 
position,  and  gets  to  lie  on  the  ventral  surface  of  the  Echinoderm ; 
each  leaf  of  the  rosette  is  now  developed  into  an  elongated  canal 
with  lateral  diverticula;  it  is  hke  a  pinnate  leaf,  and  forms  the 
rudiments  of  the  ambulacral  portion  of  the  water-vessels.     In  the 


Fig.  110.  L&rva  of  an  Aaterid 
(B  I  p  i  n  n  a  r  i  a)  with  bodrling 
EchLicHlerm.  e  e'  d'  g  g'  Pro* 
cessee  of  the  body,  h  Mouth. 
0  Anns  of  the  larva,  A  Body 
of  the  ombrvonic  Euhinodorm. 
h  Ciliated  tube,  i  Ainbtilacral 
rosette  (Kudimontsof  tlicvvalcjr- 
veasels)  (ftfter  J.  Miiller). 
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HolothuroTda  tlio  similarly  rosette-shaped  rudiment  forms  the  oral 
teetaclesj  wliich  have  therefore  an  indubitable  relation  to  the  amba* 
lacral  system  (§  162).  The  Bucceeding  processes  which  are  of  any 
importance  affect  the  central  portion  of  the  rosettej  in  which  the 
canals  of  the  five  leaves  have  their  common  orifice.  This  is  con- 
verted into  a  circular  canal^  wliich  continues  to  form  the  central 
portion  of  the  apparatoa  ;  the  canals  in  the  leaves  of  the  rosette  grow 
out  radially,  and  extend  whilst  the  number  of  their  Lateral  branches 
increases^  over  the  ambulacra^  which  get  larger  at  the  same  time* 

The  adult  Rt^ge  may  be  directly  derived  from  these  arrangements, 
formed  during  the  developmeot  of  the  Echinoderm  body,  A  branched 
vascolar  system  (Fig.  Ill)  has  finally  developed  from  the  primitive 
tube*,  and  havS  its  ends  directly  connected  with  the  suckers  (p)  and 
other  such  processes.  The  radial  trunks  of  this  system  communi- 
cate with  the  cii*cular  canal  (r)^  and  this  again  is  in  connection  with 

the  surrounding  medium.  We 
have  already  mentioned  the  fact 
that  in  Spatangua  the  water- vas- 
cular ring  around  the  mouth  is 
connected  with  an  enteric  vessel ; 
and  inasmuch  as  the  contents  of 
the  two  systems  of  canals  are 
similar,  it  is  very  probable  that 
thoy  do  not  only  comraunicate, 
but  are  also  to  bo  regarded  as 
parts  of  one  structure. 

The  connection  with  the  ex- 
terior is  of  a  special  nature,  and 
is  effected  in  various  ways.  As  the 
Echinoderm  is  being  differentiated 
in  the  larva^  that  portion  of  the 
rudimentary  water- vascular  system 
wbich  is  taken  into  the  body  of 
the  Echinoderm  remains  connected 
with  the  perisome  at  one  spotj 
where  a  porous  calcareous  plate — 
the  madreporic  plate  {m) — is  de- 
veloped ;  this  plate  communicates 
with  the  lumen  of  that  portion  of 
the  canal  which  is  connected  with 
it.  The  duct  (m'}  leading  from  the 
madreporic  plate  to  the  circular 
canal,  which  also  is  aptu'tion  of  the 
primitive  water-vascular  system, 
has  ordinarily  calcareous  substances  deposited  in  its  walls,  and 
is  therefore  called  the  stone -canal;  its  walls  form  a  complicated 
cavitary  system.  Water  passes  into  the  stone-canal  by  the  cribriform 
madreporic  plate,  and  thence  to  the  circular  vessel.  It  has  also 
connections  with  the  coelom. 


Fig.  11 L  Diag^ramumtic  reprcseentaliion 
of  tlie  water-Tftficiilar  ajstem  of  a 
Starfish,  c  Circular  canal,  aji  Poliati 
?esioleB.  m  Madreporic  plate.  iJi^Stonc- 
caaal.  r  Radially-an-anged  print" ipal 
trtinkB  (Ainbiilacral  canalaj.  r'  Lateral 
brancitca.  p  Suckers*  a  Their  ampulla^ 
(pari  only  of  ibe  amltiilaoral  canal b  and 
their  appendages  ar©  fignred). 
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The  portion  corresponding  to  tho  stonQ-canal  is  not  always  con* 
nected  with  the  perisome.  In  the  Holothurotda  the  connct'tion  is 
broken  close  to  the  doi'sal  pore  of  the  kirva ;  the  latter  disappears, 
and  the  stone-canal  hangs  freely  iu  the  body-cavity,  whence  it  takes 
up  water  by  a  very  complicated  and  porous  terminal  apparatus. 

There  are  further  complications  of  the  water-vascular  system, 
due  to  the  formation  of  contractile  diverticcla  of  the  water-canala 
projecting  iuto  the  body -cavity ;  these  must  be  mentioned  in  addi- 
tion to  the  arraugomeQt,  just  sketched,  Tlieso  diverticula  vary 
greatly  in  character;  on  the  circular  canal  they  form  large  pear- 
shaped  vesicles  (Poliau  vesicles)  (ap) ;  where  the  ambnlacral  canals 
pass  into  the  sucking  feet  they  form  small  amp  nil  as  (a),  which 
always  project  into  the  body-cavityj  and  which  may  be  regarded 
as  enlargements  or  diverticula  of  the  branches  of  the  ambnlacral 
canals.  They  are  cavern ons  in  structure.  Both  these  kinds  of 
organs  servo  as  receptacloa  for  the  fluid  passing  into  tho  canalsj  and 
owe  their  structure  to  their  adaptation  to  the  function  of  this 
vascular  system ;  that  is  to  say,  when  the  suckers  are  drawn  ia, 
their  ampullijo  are  always  filled,  and  when  the  suckers  aro  pro- 
truded the  contents  of  the  ampullas  swell  them  out.  What  tho 
ampnllsD  are  for  the  separate  suckers,  the  Polian  vesicles  of  the 
cncular  canal  are  for  the  whole  system  of  canals ;  that  is,  they 
allow  of  a  much  more  rapid  action  of  the  ambnlacral  structures, 
whether  these  are  pushed  out  or  drawn  in,  than  would  be  possible  if 
the  quantity  of  fluid  needed  for  the  erection  of  each  separate  sucker 
must  be  first  taken  in  either  by  the  stone-canal  or  the  madrcporic 

flate.  This  activity  of  the  ampulke  of  the  suckers  and  of  tho 
'olian  vesicles  of  the  circular  canal  is  duo  to  the  contractility  of 
their  walls,  in  which  a  muscular  layer  has  been  made  out.  The  dis- 
tribution of  the  fluid  is  also  regulated  by  muscular  fibres,  which 
here  and  there  enclose  the  canals.  In  addition  to  this  the  ciliated 
epithelium  whicli  is  found  throughout  the  water- vascular  system 
serves  to  distribute  and  continually  change  the  water,  and  so  without 
a  doubt  render  it  eflicient  as  an  organ 
of  respiration, 

§  178. 

The  an'angement  already  sketched 
in  a  general  way  applies  most  com- 
pletely to  the  Asteroida,  In  them 
the  stone -canal  is  always  inserted 
into  a  madreporic  plate,  which,  as  a 
rule,  is  placed  iuterradially  on  the 
dorsal  surface  of  the  body.  In  some 
cases  there  are  several  (2-5)  madre- 
poric plates,  and  the  number  of  stone- 
canals  is  then  also  proportionately  increased ;  this  condition,  how- 
ever, does  not  remain  constant  in  the  species  of  the  same  genus. 
It  is  to  bo  regarded  as  the  more  primitive  one;  it  is  important 


Fig.  112,  Transverse  Boction  through 
tho  Stone-canal  of  ABtropoctou 
aurantiacos  (after  B.  Teiificbor). 
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therefore  to  know  the  earliest  nidiraents  of  this  arrangement.  Tho 
fitone-canal  always  runs  close  to  tho  hearfc-liko  tube.  Calcareous 
bodies  are  deposited  in  it  and  form  a  fine  network ;  they  do  not 
differ  from  those  found  in  the  perisLime.  They  htg  arranged  in 
rings ;  internally  to  them  there  is  a  longitudinal  ridge  from  which 
arise  two  coiled  and  thinner  lamella},  similarly  calcified.  The  cavities 
which  commence  at  the  fine  pores  of  the  madreporic  plate  pass 
between  these  lamellae.  The  ambulacral  canals  (Fig.  100,  A  a)  extend 
along  the  skeleton  of  the  arms^  embedded  in  the  ambulacral  groove, 
and  give  off  branches  to  the  feet  which  arise  between  the  lateral 
pi-oceasea  of  the  segments  of  the  ambulacral  skeleton;  the  ampullte  of 
the  feet  pass  inwards  through  the  clefts  between  the  calcified 
segmentSj  and  so  come  to  lie  within  the  arras  {a  p).  At  the  points 
where  the  ampulla)  are  connected  with  the  ambulacral  feet  there 
are  valves,  which  shut  when  the  ampulhe  contract  (Asteracanthion 
rubens).  The  number  of  Polian  vesicles  varies;  they  are  sometimes 
increased  in  number,  and  form  racemose  tufts  (Astropecten  auran- 
tiacns),  or  tliej  may  be  altogether  wanting. 

In  the  Ophiurida  the  stone-canal  is  inserted  into  a  plate  sur- 
rounding the  mouth ;  but  this  phtto  k  not  formed  in  the  same  way 
as  the  madreporic  plate,  but  so  that  the  stone- canal  takes  up  fluid  from 
the  body-cavity  only.  At  the  circular  cana!  the  stone-canal  widens 
out  into  an  ampullaj  and  is  attached  to  an  interradial  portion, 
Polian  vessels  are  not  always  present.     The  suckers  have  no  ampidla?. 

In  the  Crinoida  the  ambulacral  water-vascular  trunk  runs  below 
the  radial  blood-vessel,  and  sends  branches  into  the  tentacles  of  tho 
armSj  as  well  as  of  the  pinnnlee  (Fig,  115,  w).  The  radial  trunks 
meet  in  a  circular  oral  canal,  which  sends  off  short  canaliculij  with 
open  mouths,  into  tho  coslom.  They  take  tho  place  of  the  stone- 
canal,  which  is  not  present.  As  there  are  no  ampuliBB  or  Polian 
vesicles  either,  the  water-vascular  system  is  in  the  CrinoTda  of  a  lower 
grade  than  in  tho  other  divisions. 

Tlio  EchinoMa  are  allied  to  the  AsteroTda.  The  madreporic 
plate  always  lies  at  the  aboral  polo;  it  is  either  formed  by  one  of  the 
genital  plates  (Fig*  103,  m),  or  by  several  of  these,  or  an  intermdial 
plate  is  converted  into  the  madreporic  plate,  or  it  is  formed  by  a 
special  plate  (Clypeastridie).  The  stone-canal  is  sometimes  soft 
(Echinus)  and  sometimes  provided  with  firm  walls  (Cidaris)*  The 
circular  canal,  provided  with  five  Polian  vesicles  (these  are  absent  in 
tho  Spatangida^),  lies  in  tho  Echinida  at  the  base  of  the  masticatory 
apparatus,  and  gives  off  its  ambulacral  canals  downwai-ds,  whence 
they  radiate  out  to  the  ambulacra.  On  tho  inner  side  of  the  shell, 
and  running  along  each  of  the  ambulacral  areie,  are  the  branches  of 
the  ambulacral  canals,  which  are  distributed  to  the  pores  of  the 
calcareous  plates,  and  supply  the  suckers  or  their  equivalents  which 
arise  at  this  point ;  and  give  origin  to  transversely -placed  ampullar 
enlargements  {Fig.  115,  a). 

In  the  HolothuroTfda,  owing  to  the  separation  of  the  connecting 
piece,  which  later  on  functions  as  the  stone-canal,  from  tho  perisome 
of  the  lai-va,  which  passes  into  the  substance  of  the  Echinodenn, 
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tlieso  parts  have  a  different  relation  to  that  which  they  have  in  the 
rest  of  the  Ecli in o derma.  The  walla  of  the  stone-canal,  which 
hangs  freely  into  the  ctieloin,  are  more  or  less  calcified;  when  they 
are  more  so  they  form  a  firm  capsnie.  The  porons  parts  of  the 
canal  ;ire  usually  distingainhed  by  calcification,  and  so  repeat  within 
tlie  body  the  arrangements  of  a  niadreporic  plate.  The  endr^  of 
each  branch  carry  a  porons 

piece  when  the  stono-cannl  T   ^  ^    a        ^  "^s  T 

is  broken  up  into  branches; 
this  repetition  of  parts  leads 
to  the  formation  of  race- 
mose structures,  which  are 
only  functionally  similar  to 
a  number  of  modreporic 
plates  grouped  around  the 
a  tone- canal.  The  stone- 
canala  vary  in  number,  as 
well  as  in  arrangement. 
Often  only  one  is  present ; 
in  other  casesj  and  notably 
in  the  Synapta^,  there  are 
sereral  ari'anged  around 
the  circular  canal.  The 
numl>er  too  of  the  Polian 
vesicles  (Fig.  113,  ^>),  which 
are  present  in  these  forms, 
varies;  in  Holothuria  and 
Molpadia  there  is  one,  in 
Synapta  Beselii  about  fifty, 
and  in  Cladolabcs  about  a 
hundred. 

The  canab  from  the 
circular  canal  (C)  van  for- 
wards inside  the  calca- 
reous ring  (R),  and  give  off 
branches  to  the  oral  tenta- 
cles (T)  ;  a  Ciecal  elongated 
tube,  corresponding  to  tho 


Fig,  113  Longitiulifial  ecctioa  tliroiigh  tho 
anterior  part  of  the  bodj-  of  Sjuapta  digit  a  I  a. 
R  Ef  Calcareona  ring,  r  MqbcIcs  passing  from  it 
to  tbe  ceaopliagiiB.  o  Mouth,  I)  Eutoric  tube. 
C  Circular  canal,  t  Canals  to  tho  teatacles  T. 
p  Polian  vefiicleB.  n  Ncrve-Hng.  >i'  Radial 
nerve- tmuk,  passing  through  the  calcareous  nng 
R'.  m  Bands  of  l(>ngitu(3ioal  nuipcletf.  G  Ducts 
of  tho  generative  organs  (aftor  Baur). 


ampullae  of  the  suckers,  h 
connected  with  each  of  them.  These  tul)ey  are  of  some  size  in 
the  Holothiirida,  and  lie  on  the  outer  side  of  the  calcareous  ring ; 
they  are  only  feebly  developed  in  the  Synaptidaj,  The  radial  tnmks 
going  to  the  ambulacra  are  placed,  in  Holothmia,  in  the  bundles 
of  longitudinal  muscles,  wliich  are  thus  divided  into  tw^o  halvea.  In 
Cucnmaria  they  are  placed  on  the  outer  side  of  these  muscles.  The 
branches  of  these  canals,  as  in  other  forms,  go  to  the  feet.  When 
the  feet  are  atrophied  the  vascnlar  branches,  which  go  to  thoin,  are 
atrophied  also ;  but  the  principal  trunks  appear  to  persist  even  in 
the  Apodia,  for  they  have  been  observed  in  Synapta,  although, 
indeed,  dimimahed  in  size. 
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Excretory  Organs. 

§  179. 

Tho  arrangemonts  cominouly  found  among  the  Annulata 
(looped  canalSj  or  nepliridia)  are  not  found  in  the  Ecliinoderma,  but 
there  are  signs  that  these  organs,  or  organs  of  tho  same  type  at  any 
rate  J  are  not  entirely  foreign  to  the  organisation  of  the  Echinoderma, 
For  in  the  Holothuro'ida  two  canals  have  been  observed  to  rnn  in  the 
wall  of  the  body^  and  these  aro  beset  with  infundibular  organs, 
which  open  into  the  ccclom  {Chiradota  pelhicida).  In  the  Synaptto 
also  there  are  organs  which  corre.spond  to  the  internal  mouths  of  the 
looped  canals  of  Vermes,  but  these  are  not  connected  with  canalt^. 
Finally,  In  the  Crino'ida  ciliated  organs  have  been  made  out  in  the 
dorsal  canal  of  the  arms,  which  is  a  continuation  of  the  ccolom*  It 
cannot  be  definitely  asserted  that  these  structures  are  all  of  the  same 
kind,  but  from  tho  characters  of  those  first  mentioned  it  is  probable 
that  they  have  relations  to  an  excretory  apparatus.  We  can  as 
yet  only  suggest  that  a  fundamental  relation  of  the  same  kind  holds 
for  the  ambulacral  water- vascular  system.  Anyhow  the  arrangement 
of  tlais  system  in  the  body  does  not  justify  us  in  regarding  inquiries  in 
this  direction  as  barren  ones,  for  tho  excretory  organ  of  many 
MoUusca  (Nndibranchiata)  has  the  form  of  a  richly-bmnched  system 
of  canals;  and  the  communication  of  the  water-vascular  system 
with  the  exterior,  as  well  as  with  the  blood-vessels  (or,  what  is 
the  same  thing,  with  the  ccelom),  can  hardly  point  to  its  being 
anything  else  than  part  of  an  excretory  apparatus. 


Generative  Organs. 

.§  180. 

The  asexntd  methods  of  reproduction  so  common  among  Vermes 
do  Bot  obtain  hi  the  Echinoderma^  except  in  so  far  that  the  animal 
itself  is  the  product  of  gemmation*  An  indication  of  this  mode  of 
reproduction  is,  however,  retained  in  tho  AsteroYda^ — in  the  regener- 
ation of  lost  antimeres  (arms) , 

Almost  all  Echinoderma— there  are  but  few  exceptions — have 
the  sexes  separate,  and  their  organs  ari'angcd  conformably  with 
the  radiate  type.  The  male  and  female  organs  are  both  very 
simple  in  character,  and  can  only  be  distinguished  easily  when  the 
generative  products  aro  mature,  the  ovaries  being  generally  dis- 
tinguished by  the  brighter  coloration  of  the  eggs,  which  aro 
yellow  or  red,  whilst  tho  testicular  tubes  are  almost  always 
white.  The  form-elements  of  the  sperm  are  very  generally  fila- 
mentous structures  provided  with  a  small  head*     The  generative 
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Fig^.  114.  Generative  org&uB  of  ait 
Opliiurid  (OpliiodertTift  longicaadQ). 
Tlio  doi^sal  iiitogiimetit  and  Lbo 
digestive  organs  have  been  removed. 
r  Ariti».    j;  Ovarian  acini. 


system  is  simple  in  structure,  the  excretory  ducts  ure  not  com- 
plicated, and  there  is  no  introraitteut 
organ  J  so  tliat  tbe  surrounding  water 
is  the  medium  of  coinraunieation  in 
improgiiation.  On  the  whole  tliero 
is  a  great  resemblance  to  the  corre- 
sponding structures  found  in  Vermes. 
The  lowest  stages,  both  as  to  num- 
ber^ arrangement,  and  as  to  the  more 
special  characters  of  the  organs,  are 
seen  in  the  Astcrolda.  The  testes  or 
ovaries  nre  tubular  or  lobate  glan- 
dular canakj  which  in  some  forms  are 
arranged  in  twci  rows,  and  disposed 
cunformablj  with  the  metamerism  of 
the  arms  (Ophidiaster,  Arcbaster). 
In  others  there  are  only  two  groups 
in  each  arm,  which  may  extend  along 
the  whole  cavity  of  the  arm  (this  is 
the  case  even  in  Brisinga),  or  may 
be  limited  to  the  intcrradiul  space 
merely  (Pig.  108j  y),  A  comparison 
of  these  characters  shows  ns,  that  tliore 
is  a  gradual  reduction  in  the  number 
of  the  generative  glands,  whicli  corre- 
sponds with  the  gradual  centralisation 
of  the  organism,  which  we  have 
already  seen  to  occur  in  the  Asteroida, 
In  the  aproctous  foi-ms  the  tabes  have 
no  excretory  orifices,  and  the  genera- 
tive products  are  passed  into  the  body- 
cavity.  We  do  not  yet  know  how 
they  reach  the  exterior.  In  other 
Asterolda  tlie  generative  glands  open 
to  the  exterior  by  special  plates,  dis- 
tinguished by  tbeir  fine  pores  {eril>ri- 
forni  plates),  and  placed  in  the  dorsnl 
ioterrudii ;  or  they  have  a  single  duct 
with  a  narrow  orifice  (Pteraster), 
Each  organ  is  surrounded  by  a  blood 
sinus,  wdiieh  envelopes   the  separate 

^         lobes  and   lobules.      The   generative 

^m         products  pass  into  this  sinus  and  arc 

H         not  evacuated  directly. 

H  The  structure  antl  aiTangcment  of 

^H         the  generative  organs  of  the  Opbiurida 

^H         is  the  same  as  in  the   Asterokhi.     There  is  only   one  example  of 

^H         hermaphroditism  (Ophiura  squamata).     The  generative  glands  (Fig, 

H         114,  v)  are  arranged  by  pairs  in  each  interradial  space,  and  on  the 

fc._ zi i_ 


Fig.  115.  Ti-atisverBe  gcctiou 
through  tho  pinnula  of  a  sexually 
Tj  mill  re  Coinatula  (AntedoD  Each- 
ricliti).  The  dorsal  surface  la 
tnrned  upwards,  and  the  ventral 
dowiiwardfl.  p  Tentacle,  j;  Lumeu 
uf  the  geuitul  chord.  \u  Water- 
ve68el|  mth  lateral  branches  into 
the  tentacles,  a  Ncne -  chord. 
h  Bl(jcHl-veasel  on  it.  c<j  Canal 
aronnd  the  genital  chord,  td  Doi'Bal, 
cv  Ventral  canal*  All  tbrco  com- 
lunuicatiug  with  the  ca»lom  (after 
n.  Lndwig)» 
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dorsal  side ;  tteir  products  appear  to  pass  into  the  coelomj  whence 
they  reach  the  exterior  by  the  narrow  pores  placed  in  the  interradii 
of  the  ventral  siirfaco  (Fig.  102,  g).  In  the  ovoyiviparous  Ophiurida 
this  cleft  may  he  seen  to  adapt  itself  to  the  necessary  f^ize.  A  chord- 
like  structure  placed  in  eacli  arm,  and  ramifying  into  the  pioniilge, 
forms  the  generative  organs  of  Comatula.  This  genital  chord  is 
surrounded  by  the  blood-vessels  just  as  are  the  branched  tubes  of 
the  Asterida*  In  the  anns  it  remains  sterib,  and  its  ]>roducts  are 
developed  within  the  pinnulse  from  the  walls  of  the  chord*  The 
sperm  passes  out  by  the  pores  already  described. 


§  181. 

The  generative  glands^  which  in  the  AstoroVda  are  arranged  by 
pairs  in  each  radius,  are  converted  into  unpaired  structures  in  the 

EchinoTfda;  this  implies 
further  centralisation. 
Their  relation  to  the 
primitive  condition  can 
only  be  made  out  from 
their  inteiTadinl  arrange- 
ment, so  that  each  organ 
may  be  regarded  as 
formed  of  two  radial 
ones.  They  form  greatly 
ramified  glands,  which 
generally  project  far  into 
the  coelom  (Fig.  116,  g), 
and  open  at  the  genital 
plates  (i'ig.  103,  g).  In 
the  Spatangid^  one  of 
the  five  genital  glands, 
which  are  the  typical  set 
for  tlie  Echinoyda,  is 
atrophied,  and  at  the 
same  time  the  genital 
plate,  which  was  the  madi*eporic  plate  also,  becomes  the  madreporic 
plate  only. 

In  the  HolothuroTda  they  arc  still  more  reduced.  The  testis  or 
ovary  fonns  a  tuft  of  richly-branched  tubes,  which  unite  at  a 
common  duct  (Fig.  113,  G) ;  this  opens  near  the  mouth,  and 
ordinarily  between  the  tentacles.  This  indicates  a  i-elation  to  the 
radii;  the  organs,  which  in  other  forms  are  broken  up,  are  hero  united 
into  one,  and  the  higher  grade  of  organisation,  already  seen  in  the 
EchinoTda,  is  still  present,  as  is  shown  by  the  presence  of  an 
excretory  duct. 

In  the  Synaptii3  the  organs  are  hermaphrodite,  and  formed 
on  the  Holothurian  type.  Tbe  various  tubular  glands  are  united  at 
a  common  excretory  duct,  which  opens  to  the  exterior  above  the 


Pig.   H6.      Generative  organs  of   an    Ecliiuiifl» 

Bather  more  than  tbo  ventral  half  of  tho  ahcU  has 

beea  removed,     a  Ampulbu    of    the    ambuJacra. 

i  Hind-gut,    g  Ovarian  aoini. 
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calcareous  ring.  In  eaclitabe  (in  S.  digitata)  tlie  sperm  is  developed 
on  the  inner  surface,  while  the  ova  are  formed  beneath  it,  and  when 
fully  developed  form  a  longitudinal  band  which  projects  into  the 
lumen  of  the  tube.  There  is  a  common  duct  for  both  sets  of 
products.  If  this  condition  must  necessarily  be  regarded  as  a  lower 
one,  from  which  the  ordinary  dioecious  arrangements  have  been 
derived,  we  find  an  interesting  phasnomenon  in  the  SynaptaD ;  for 
while  their  generative  gland  has  retained  its  primitive  structure  and 
primitive  function,  great  changes  have  taken  place,  for  the  glands 
have  been  reduced  in  number  and  degree  of  complication,  and  have 
only  one  excretory  duct  for  the  whole  apparatus. 


Q  2 


Fifth  Section. 


Arthropoda. 

General  Review  of  the  Group. 

§  182. 

In  this  division  of  the  Animal  Kingdom  the  body  consists  of  a 
number  of  metameres^  and  this  number  is  generally  definite  for  the 
various  groups.  As  a  rule  the  metameres  are  not  all  differentiated 
to  the  same  extent;  this  is  not  implied  merely  by  variations  in 
external  form  and  size^  but  also  in  the  characters  of  the  internal 
organs  of  the  body.  A  number  of  metameres  may  be  united  to 
form  larger  segments,  in  which  the  separate  metameres  lose  their 
individuality.  These  larger  segments  sometimes  retain  indications 
of  this  kind  of  composition;  but  these  indications  are  sometimes 
lost,  or  only  apparent  in  the  early  stages  of  development.  This 
state  of  things  results  in  a  desegmentation  of  the  body. 

The  movable  appendages  of  the  body  form  another  characteristic 
of  the  whole  group ;  these  appendages  are  almost  always  segmented. 
In  this  point  therefore,  as  in  the  metameric  character,  they  have 
some  resemblance  to  the  Annulata  among  the  Vermes.  We  do  not 
know  what  are  the  forms  that  ally  the  two  groups,  and  it  is  not  cer- 
tain that  the  two  chief  groups  of  the  Arthropoda  form  a  common 
phylum.  There  are  manv  reasons  for  regarding  the  Branchiata  and 
Tracheata  as  being  distmct  stem-forms.  As  in  the  Annulata  the 
nervous  system  consists  of  an  oesophageal  ring  connected  with  a 
ventral  ganglionic  chain ;  while  the  central  organ  of  the  circulatory 
apparatus  is  here,  also,  do  r  sal  in  position.  In  the  Vermes  organs  are 
repeated  in  each  segment,  but  in  the  Arthropoda  they  are  common  to 
the  whole  of  the  body ;  and  even  when  the  metameres  are  similar 
externally,  the  internal  organisation  often  gives  signs  of  the  more 
confined  dominion  over  the  whole  body  now  possessed  by  meta- 


CLASSIFICATION  OF  ARTHEOPODA.  229 

merism,  as  compared,  that  is,  with  that  which  it  exercised  in  the 
Annulata. 

I  give  the  following  review  of  the  Classification  of  the  Ar- 
thropoda : 

A.  Branchiata. 

I.  Crustacea*). 

a)  Entomostraca. 

1.  Cirripedis. 

BalanuB,  Coronnla,  Lepas. 
Rhisocephala. 

Bacculina,  Peltogaster. 

2.  Copepoda. 

Cyclops,  Cyclopftina,  Corycflpua,  Sapphirina. 
SiphonoBtomat). 

CaliRos*      E^nrasiloA,     DicheleBtium,     Chondracaxlthn?, 
Achtheres,  hemtea,  Lomfeocera,  Penella. 

3.  Ostracodat). 

CyprtB,  Cypridina, 

4.  6ranchiopoda§). 

Cladocera. 

Daphnia,  Sida,  PolyphemtiB,  Eradne. 
Phyllopoda. 

BranchipuB,  Apun,  Limnadin. 

b)  Malacostracajl). 

1.  Thoracostraca  (Podophthalma). 
Sohizopoda. 

Mysia,  EnphauBia,  TbyMinopaB. 
CaridaT). 

Crangon,  Alphenn,  Palaemon,  Hippolyte,  Penens. 
Decapoda. 

Macrara. 

AatacoB,  Palinarofl,  Galathea,  Pagunu. 
Braohyara. 

Carcinns,  Maja,  Hyas,  Dromia,  Dorippe. 
Camacea**). 
Coma. 

*  The  appendages  are  complete  in  each  segment  of  the  body,  although  they  often 
undergo  adaptive  modifications.  They  either  f  auction  -directly  as  respiratory  organs, 
or  the  latter  are  very  closely  connected  with  them. 

t  A  large  number  of  families  are  brought  together  into  this  special  subdivision, 
owing  to  the  more  or  less  complete  parasitism  they  exhibit;  they  may  be  distin- 
gaished  from  free-living  Copepoda,  but  must  be  considered  as  derived  from  them. 
The  Rhizocephala  bear  the  same  relation  to  the  Girripedia. 

X  They  show  signs  of  affinity  with  the  developmental  stages  of  the  Cirripedia,  by 
the  possession  of  a  mantle.fold,  which  forms  tho  two-valved  shell. 

§  This  division  seems  to  be  the  most  direct  continuation  of  the  Nauplius-form, 
from  which  stage  it  is  derived  by  the  mere  formation  of  metameres,  while  the  appen- 
dages themselves  undergo  only  slight  modifications. 

II  These  forms,  which  are  alli^  to  the  preceding  division  by  the  Nauplius  stage, 
which  is  seen  in  Peneus  and  Euphausia,  represent  on  the  whole  a  further  development 
of  the  Crustacean  organisation. 

^  Connect  the  Schizopoda  and  Decapoda  :  sometimes  they  are  classified  with  the 
latter. 

••  They  correspond  to  the  lower  developmental  stages  of  the  Decapoda,  for  they 
closely  resemble  the  Schizopoda  in  their  form  of  body.  The  eyes  have  no  movable 
stalk,  and  so  far  they  approximate  to  the  Arthrostraca. 
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* 

b)  Malacostraca  {continued), 

Stomapoda. 

Sqoilla. 
Tanalda^). 

Tanais. 
2.  Arthrostraoa  (Hodriophthalma). 
Axnphipoda. 

GammaniB,  OrcheBtia,  Hypcri»i  Phronyma. 
Lnmodipoda. 

Gaprella,  Cjamns. 
iBopoda. 


Bopyros,     Cymothoa,     Sphferoma,     Oniscns,     Asellup. 
idothea. 

Limnlos. 
PeripatOB. 


II.  Pcecilopodaf). 
B.  Protracheatat). 

O.  Tracheata. 

I.  Arachnida. 

Autaraclin8B§). 

Arthrogastres. 
Galeodoa. 

Galeodes. 
Scorpionea. 

Soorpio.  • 

Phrynida. 

Telyphonns,  Phrynus. 
Pseadosoorpionea. 

Cholifer. 
Opilionea. 

Phalangiam,  Opilio. 
A  ran  e  a. 

Baltioas,  Thomisos,  Argyronota,  Tegenaria,  Mygale. 
Acarinall). 

AcaruA,  Argiw,  Ixodes,  QamasiiB,  Atax,  Throxnbidiam. 

*  Those  form  a  diyiBion  which  is  allied  partly  to  the  Thoraoostraoa,  and  partly  to 
the  Arthrostraoa,  and  which  seems  to  hare  remained  more  like  the  primitiye  form  of 
the  Malacostraca. 

t  These  are  connected  with  the,  palojontologically,  very  old,  and  completely  lost 
division  of  the  Trilobita,  throngh  the  fossil  BelinaridaB.  There  are  many  characters 
in  their  stractore  and  development  which  point  to  their  being  distinct  from  the 
Gmstacea. 

X  More  exact  investigations  into  the  organisation  of  Peripatns  show  that  this 
animal,  which  as  yet  has  been  generally  placed  with  the  Vermes,  is  the  representative 
of  a  special  class  of  Arthropoda,  which  mast  bo  placed  before  the  Tracheata ;  a  mnch 
lower  stage  is  seen  in  it  than  in  any  of  the  larger  divisions  of  the  Tracheata.  A  form 
seems  to  be  here  retained,  which  separated  from  the  Tracheate  phylom,  before  it 
broke  np  into  its  several  branches. 

§  The  trao  Arachnida  vary  considerably  in  the  characters  of  their  body-segments, 
and  in  the  larger  sections  formed  by  the  fusion  of  a  number  of  segments.  We 
regard  those  forms  in  which  there  are  several  snch  sections,  in  which  it  is  still  possible 
to  see  that  they  are  composed  of  metameres,  as  the  least  altered  and  most  similar  to 
the  primicive  form.  The  Gyphophthalmidse  (Gibocellnm)  and  the  Chemetidao  form 
small  divisions,  which  belong  to  the  Arthrogastres ;  the  former  arc  allied  to  the 
Opilionea,  and  the  latter  to  the  Pseadosoorpionea. 

II  There  seems  to  be  no  doabt  that  degeneration  is  present  in  these,  and  is  indi- 
cated by  the  parasitism  which  obtains  in  most  of  the  families ;  it  leads  in  the  family 
of  the  Lingaatalida  to  a  very  remarkable  change  in  the  form  of  the  body. 
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Autaraclina3  [contimisd), 

Lingaatalina. 
Pentastomom. 

PseudarachnsQ*). 

Tardigrada. 

Hacrobiotus. 
Pyonogonida. 

Pycnogonom,  Nymphon. 

II.  Myriapoda. 

Chilopoda. 

Scolopendra,  Lithobins. 
Chilognatha. 

Polydosmas,  Julus,  Glomeris. 

III.  Insecta  (Hexapoda). 

1.  Apteraf). 

Collembolf^ 

SymnthuroB,  Podara. 
ThyBanara. 

Campodea,  Lopiama,  MacMlis. 

2.  Pterygota. 

Psendoneuroptera. 
Amphibiotica. 

Ephemera,  Ohio?,  Porla,  Libellnla,  Agrlon,  ^schna. 
Corrodentia. 
Psooina. 

PsocuB,  Troctes. 
Embida. 

Embia. 
Thysanopoda. 

Thrips. 
Termitida. 
Termes. 
Nenroptera. 

Planipennia. 

Fanorpina. 

Panorpa,  Bittacas. 
Sialida. 

Rhapbldia,  Sialifl. 
Hemerobida. 

HomerobioB,  Ohryaopa,  Myrraeleon. 
Trichoptera. 

Phryganida. 

Phiyganea,  LinmophiloB. 
Strepsiptera. 

Stylops,  XenoB. 


*  Very  divergent  forms  are  found  in  both  divisions  of  the  Pseudarachnse,  and 
havo  really  very  little  in  oommon  except  their  divergence  from  the  Autarachnae.  It  is 
not  qaite  certain  that  the  Tardigrada  have  any  relations  to  the  Tracheata. 

t  The  two  groups  united  in  the  division  of  the  Aptera  are  removed  from  all 
other  Insects,  owing  to  the  difference  in  their  organisation ;  we  cannot  therefore  place 
them  with  any  one  order.  Though  they  havo  much  in  common  with  the  Psendo- 
neuroptera, it  is  because  the  latter  are  so  low.  Their  want  of  wings  must  be  re- 
garded as  a  primitive  condition,  as  compared  with  the  adaptative  wingless  condition, 
examples  of  which  may  be  seen  in  nearly  all  orders  of  the  Pterygota. 
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2.  Ptorygota  (contimied). 


Branchiata. 


Orthoptera. 
Ulonata. 

Cursoria. 

Blatta,  MantU. 
Baltatoria. 

GrylluB,  Gryllotalpa,  AcriiUum,  Locusts. 

Labi  dura. 

Forficula. 
Colooptera. 

CarabuB,  Hydrophilua,  Sllpba,  Lucaniw,  Melolontha,  Scatabieug, 
Tonelirio,  Mcloe,  Chrysomela,  CocdonoUa,  Lampyrta.  Klater, 
BoBtrichufl,  Cnrcolio. 
ITymenoptora. 

Formica,  Bombos,  Apii,  Vespa,  Sphox,  Sirex,  Tenthredo,  Ichneu- 
mon, Cjnips. 
ITemiptera. 

Homoptera. 

Oicadina. 

Tcttigonia,  Cercopis,  Fulgora,  Cicada, 
rhythophthlres. 

Aphifl,  Chermos,  Coccna. 
Heteroptcra. 

Notonecta,  Nepa,  Hydrometra,  Rednvius,  Cimex,  Capeus, 
Lyga?u0,  PentAtoma. 

Pediculina*). 

PeiUculuB,  Phthirius. 
Diptcra. 

Nemocera. 

Tipula,  Bimulia,  Chironomue,  Corethra,  Culex. 
Brachycera. 

(Estrufl,  Musca,  Tachina,  SyrphuB,  Bombylius,  Tabonus. 
Pupiparat). 

MelophaguB,  Hippobosca. 

Aphanipterat). 
Pulex. 
Lcpidoptora. 

Heterocera. 

Pterophorufl,  Tinea,  Tortrix,  Geometra,  Psyche,  Noctua, 
Cosftus,  Bombyx,  Sphinx,  Smerynthus,  Zygcena. 

Bhopalocera. 

Hesperia,  Pierig,  Vanessa,  Colias,  Papilio. 
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Fig.   117.     Naupliua   of  a 

Copepod  (Cyclops),     a  h  c 

Appendages. 


Form  of  the  Body. 

§  183. 

Among  the  Crustecea  the  simplest  stage  of  the  Arthropod  body 
is  seen  in  the  Nauplius-form  (Fig.  117). 
The  iinsegmented  body  carries  several  pairs 
of  appendages.  The  body  only  becomes 
segmented  by  a  gradual  process  of  gem- 
mation^ which  has  many  points  of  resem- 
blance to  the  process  which  brings  about 
metamerism  in  most  of  the  Annulata.  The 
most  anterior  portion  of  the  body  of  the 
Nauplius  which  carries  the  first  appendages 
forms  the  cephalic  segment;  the  posterior 
part  becomes  the  last  metamere ;  new  meta- 
meres  are  formed  between  these  two,  on 
which  appendages  similarly  sprout.  In  this 
way  an  organism  composed  of  a  larger 
number  of  metameres  is  gradually  formed  (Fig.  118);  the  com- 
plication of  which,  so  far  as  it  is  due  to  metamerism,  is  the  product 

of  a  gradual  process. 
This  development  of  the 
form  of  the  body  pre- 
dominates in  the  Ento- 
mostraca;  it  corresponds, 
probably  enough,  to  the 
phylogeny  of  these  Crus- 
tacea, which  therefore 
may  be  referred  back  to 
an  unsegmented  condi- 
tion. lutheMalacostraca 
this  process  of  the  forma- 
tion of  new  metameres 
can  be  made  out  in  a  few 
cases  only,  and  the  rudi- 
mentary body  ordinarily 
consists  at  the  very  first 
of  a  larger  number  of 
metameres.  The  con- 
secutive formation  of 
Pig.  lis.     Larva   of   Branchipus   etagnais.     metameres  is  here  com- 

(second  stage),    ah  c  Appendages,    vix  Budimcnts      pressed  ;    and   the    same 
of  the  maxillae.  F '  Caudal  fork,  o  Eye  (af  terC.  Glaus),      happens    in   the   Poecilo- 

poda  and  in  most  Tra- 
cheata.  Although  this  might  seem  to  remove  any  doubts  as  to 
the  common  origin  of  the  Arthropoda,  it  is  not  of  so  much  weight 
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M  are  tie  arguments  against  such  a  supposition ,  which  are  afforded 
us  by  the  differences  presented  by  them  in  many  points  of  their 
organisation.  At  present  there t'oro  wo  can  only  with  safety  regard 
the  CroHtacea  as  having  a  monophylctic  origin ;  this  is  indicated 
by  the  common  Naiiphus  stage.  This  stago^  which  is  seen  ia  all 
tlie  Entomostraca,  obtains  ia  some  cases  only  among  the  Mala- 
costraca,  whence  we  may  conclude  that  this  latter  division  of  the 
Cmstacea  has  a  later  point  of  origin  than  have  the  Entomostraca. 

The  body  of  the  Arthropoda,  which  is  formed  iato  nietaraeres 
either  by  gradual  gemmation,  or  by  the  immediate  differentiation 
of  the  embryOj  gradually  loses,  to  a  greater  or  less  extent,  the  primi- 
tive similarity  of  its  segments.  Great  changes  in  external  form  are 
brought  about  by  the  development  of  some^  and  the  degeneration  of 
other,  orj  lastly,  by  the  concrescence  of  a  number  of,  metameres. 
As  a  general  rule  the  metii meres  are  similar  in  the  early  larval  stages, 
and  m  indicate  relationship  to  forms  in  Avhich  the  metameres  are 
still  indifferent*  The  more  compact  portions  of  the  body,  which  are 
formed  by  a  fusion  of  the  mefcamores,  hear  indications  of  their  mode 
of  origin  in  tlie  appendages  which  they  carry. 

The  most  anterior  metameres  are  those  which  most  completely 
undergo  concrescence.  In  this  way  a  portion  w^hich  carries  the 
mouth  and  the  higher  sensory  organs,  and  especially  the  eyes  and 
tentacles,  is  formed;  this  is  the  head.  In  the  Myriapoda,  many 
Crustacea,  and  Insect-larva^,  it  is  the  only  portion  which  is  foruied  by 
the  concrescence  of  a  number  of  metameres.  Owing  to  this  con- 
crescence of  the  metameres  the  appendages  are  approximated  to  the 
mouth,  where  they  aid  in  taking  up  foodj  and  are  converted  into 
mouth-organs.  Other  differentiations  play  various  parts  in  the 
different  divisions.  In  the  Crustacea  a  number  of  metameres  beliiud 
the  liead  unite  %vith  it  to  form  a  cephalothorax.  The  other  meta- 
meres are  again  often  divided  into  two  groups,  inasmuch  as  those 
behind  the  cephalothoiux  sometimes  differ  from  the  most  posterior 
ones.  They  thus  form  an  abdomen  and  a  post-abdomen.  The 
segments  of  the  abdomen  fuse  in  t!ie  Ptccilopoda,  where  the  post- 
abdomen  is  represented  by  the  caudal  spine. 

Special  arrangements  for  the  protection  of  the  appendages 
are  formed  by  the  folding  and  extension  of  tiie  integument.  Thus, 
in  the  Decapoda,  the  dermal  skeleton  of  the  cephalothorax  grows 
out  at  the  sides,  covers  the  gills^  and  forms  ou  either  side  a 
special  cavity — the  bnuichial  cavity — which  communicates  with  the 
surrounding  medium.     (Cf.  §  187.) 

Such  developments  from  the  dermal  skeleton,  belonging  to 
several  primitive  body-segments,  may  extend  over  the  other  divisions 
of  the  body,  and  fonn  a  *^  shell  '^  for  them.  The  earliest  form  of 
this  is  seen  in  the  shield-like,  enlarged,  cephalothorax  of  the  Phyllo- 
poda  (Apus)  among  the  Brauehiopoda,  When  the  two  halves  of 
this  structure  are  further  develojied  we  get  a  bivalve  shell  (Fig, 
12 1,  d)  {Limnadia),  In  the  Claducera  also  a  portion  of  the  dorsal 
integument  is  converted  into  a  shell,  which  covers  the  whole  of  the 
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posterior  portion  of  the  hodjy  and  in  the  Ostracocla,  as  in  many 
Pliyllopoda,  tlie  two  halves  of  this  structiiro  are  movablj  connected 
with  one  another  on  tho  dorsal  surfixce.  In  them  the  valves  of  the 
shell  extend  also  over  the  anterior  portion  of  the  body,  and  so  enclose 
the  whole  aniniah 

The  very  peculiar  modifications  of  the  integnmont  in  the  Cin'i- 
pedia  are  structures  of  this  kind.  The  fold,  which  in  the  Ostracoda 
is  formed  into  a  bivalve  shell,  is  seen  in  an  early  stage  in  the  CiiTi- 
pedia.  When  the  animal  becomes  attached  by  its  antenna3j  the 
dorsal  portion  of  the  integument  is  converted  itdo  a  wide  sack  or 

mantle  (Fig,  llO^  d  ef)  which 
encloses  the  body;  the  sack  and 
the  enclosed  body  are  united 
to  one  another  in  the  cephalic 
region  only.  The  portion  of 
this  sack,  which  carries  tho 
primitive  point  of  attachment, 
either  remains  soft  and  grows 
out  into  a  stalk -like  organ 
(Lepadida;),  or  is  converted 
into  a  broad  basal  surface 
{Bfdanidto),  In  many  Cim- 
pedes  the  whole  mantle  re- 
mains soft  (Alopas),  But 
most  of  them  acquire  firm 
calcified  shell  -  pieces,  wliich 
are  developed  in  the  outer 
lamella  of  tho  mantle.  The 
rest  of  the  body,  with  tlie 
post-abdomen,  which  is  beset  with  tendril-like  feet,  is  enveloped  in  this 
mantle,  which  has  the  form  of  a  shell,  and  is  in  connection  with  the 
snrrounding  medium  by  means  of  a  cleft,  which  can  be  closed  at  will. 
In  the  Rhizocepbalatliis  mantle-like  envelope  forms  a  tube,  which 
is  smooth  externally,  or  a  disc,  which  is  marked  off  into  symmetrical 
lobes.  A  narrow  orifice,  like  that  which  leads  into  the  mantle  cavity 
of  the  Cirripodia,  leads  into  a  space  which  corresponds  to  this  mantle 
cavity,  and  functions  as  a  marsupial  pouch.  In  the  Cirripedia  part 
of  the  typical  crustacean  body,  with  its  appendages,  is  enveloped  by 
the  mantle,  and  permanently  retains  its  structure ;  but  in  the  RhiKO- 
cephala  the  whole  surface  of  the  jointed  body  becomes  converted 
into  the  mantle. 

Another  phEcnomenon,  due  to  the  mode  of  parasitism,  is  corre- 
lated  with  this  atrophy  uf  the  body;  numerous  tubules  are  developed 
by  the  part  of  tho  head  which  is  sunk  into  tho  body  of  the  host ; 
these  tubules,  which  partly  anastomose  into  retiform  plexuses,  extend 
to  the  enteric  canal  of  the  host,  and  surround  long  tracts  of  it.  Thus 
an  apparatus  is  formed  which  extracts  nutrient  fluid  directly  from 
the  enteron  of  the  host,  and  cari'ies  it  to  the  parasite,  ^lany  other 
examples  of  tho  degenerating^  iidbienco  of  the  parasitic  habit  may  be 
observed;  as,  for  example,  the  varied  forms  of  tho  Siphouostoma. 


Fi^.  119.  Tranaverao  section  of  a  Balanus, 
a  Moaih  of  the  animaU  h  h'  Append- 
agflB  coarerted  itkto  tendril-liko  etructurea. 
c  Head  of  tho  auimal.  eJ  Mantle. liko  en- 
velope, fi  e  Mo\Tible  valvea  which  close 
the  Bhell.  //  External  s hells,  m  Muscles 
{after  Darwiti)* 
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Peripatus  has  a  simple  form  of  body  very  similar  to  that  of  the 
Aunulata. 

Among  the  Tracheata  the  most  indifferent  condition  is  found  in 
the  Myriapoda,  where  the  metameres  are  similar  and  separate.  The 
body  of  the  Arachnida  is  very  variously  differentiated.  The 
Galeodea  possess  the  largest  number  of  segments.  A  head  is  sepa- 
rated by  three  thoracic  metameres  from  the  succeeding  and  separate 
abdomen,  which  is  made  up  of  sepaittte  metameres.  In  the  Scorpions, 
however,  the  cephalic  and  thoracic  metameres  are  united  into  one 
portion,  and  a  post-abdomen  is  differentiated  from  the  abdomen.  The 
abdomen  is  more  sharply  marked  off  from  the  cephalothorax  in  the 
Phrynida ;  the  same  happens  in  the  Aranea,  but  they  differ  in  the 
fact  that  the  abdominal  segments  have  undergone  more  complete 
concrescence.  In  the  Acarina  the  metameres  have  altogether  lost 
their  independence. 

The  more  richly  segmented  body  of  the  Insecta  presents  less 
variety  in  the  distribution  of  the  metameres  in  different  portions. 
In  addition  to  the  head,  which  is  formed  of  several  (3)  meta- 
meres, there  are  ordinarily  three  thoracic  segments  (Pro-  Meso- 
and  Meta-thorax),  which  are  either  indifferent,  as  in  the  Thysanura 
and  many  Pseudoneuroptera,  and  are  only  distinguished  by  the 
organs  appended  to  them;  or  they  all  form  a  portion  which  is  as 
sharply  marked  off  from  the  head  as  from  the  abdomen  (Neuroptera, 
Hymenoptera,  Diptera,  Lepidoptera) ;  or  the  first  thoracic  segment 
only  is  specially  modified,  while  the  second  and  third  are  closely 
attached  to  the  abdomen;  this  arrangement  is  indicated  in  the 
Orthoptcra  (Saltatoria),  and  well  marked  in  the  Coleoptera. 

The  characters  of  the  abdomen  are  affected  by  its  relations  to  the 
thorax  already  noted.  Its  segments  are  always  independent,  and 
the  terminal  ones,  several  of  which  are  converted  into  parts  of  the 
generative  apparatus,  are  often  atrophied. 


Appendages. 

§  184. 

The  appendages  of  the  Arthropoda  are  paired,  jointed  struc- 
tures, which  are  attached  to  the 
metameres,  and  can  be  separated 
into  dorsal  and  ventral  appendages. 
These  structures  are  foreshadowed 
by  the  parapodia  which  are  found 
in  the  higher  Annulata.  In  the 
Arthropoda  these  processes  are  more 
highly  differentiated,  for  they  be-  Fig.  120.  Tranavorse  section  of  a 
come  jointed  (Fier.  120, »),  and  differ  Wood.iousc  p  A  pair  of  feet.  p'Ah- 
greatly  in  form,  in  correspondence  ^r^ieS,'"&t%VX)."' 
With  their  different  functions;  their 

lower   stage   of   similarity    to    one  another   is   only  to   be 
seen  in  their  earliest  rudiments. 
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Tlie  serial  siniilavitj,  which  accompanies  the  lower  grade 
structure  of  the  para  podia  in  Annelids,  is  also  seen  iu  the  lower 
types  of  the  Arthropoda,  as  for  example  in  Peripatns^  the  Myria- 
poda,  and  in  many  Crustacea  (Phyllopodaj  etc.).  In  Periptitua  the 
appendages  retain  their  lowest  condition^  and  rescmhlo  the  parapodia 
of  Vermes;  tlieir  resemblance  indeed  to  tho  appendages  of  the 
Tracheata  is  merely  doe  to  tho  possession  of  a  uiovahlB  terminal 
segment,  which  carries  a  pair  of  claws.  Two  phrenomenn,  which  may 
be  recognised  in  these  appendages  of  the  Arthropods,  tend  to  convert 
tho  mnltifid  Annelid-like  organism  into  a  more  compact  one. 

The  first  of  these  is  the  metamorphosis  of  the  appendages 
into  a  series  of  different  structures  having  the  most  varied  functions. 
As  the  appendages  como  to  differ  in  function  they  change  in  form, 
and  become  adapted  to  their  new  duties. 

The  second  phfenomcnon  is  the  limitation  of  the  number 
of  the  appendages,  which  obtains  in  tlio  higher  divisions,  con- 
currently with  the  greater  development  of  heteronomous  metamoros, 
or  with  the  formation  of  larger  divisions  of  the  body  by  the  fusion 
of  its  separate  groups  of  metameres. 
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Appendages  of  the  Branchiate. 

§  185. 

The  appendages  are  seen  at  their  Bimplest  in  the  Nauplius  form 
of  the  Crustacea.  At  first  two^  and  afterwards  three  pairs  of 
jointed  appendages  appear  in  the  unsegmented  body.  They  all 
function  as  locomotor  organs  (swimming-feet)j  and  are  beset  with 

setfe,  which  are  often  an*anged  in  largo 
bundles.  Tho  first  pair  of  these  appen- 
dages (Fig.  121 J  r?)  is  sioiple,  the  second 
and  third  pairs  forked^  and  this  forked 
character  obtains  in  all  the  succeed- 
ing appendages  of  the  Crustacea,  Tho 
first  two  pairs  are  distinguished  from  the 
third  pair^  and  from  those  which  appear 
later  oii^  by  their  connection  with  the  nerves, 
which  arise  from  the  snpraoesophageal  gan- 
glion, while  the  third  and  all  succeeding 
}>airs  aro  supplied  by  the  lower  ganglia. 
With  this  is  connected  a  difference  in 
function,  for  tho  two  anterior  pairs  are  ordinarily  developed  into 
antonnj©*  In  many  Copepoda  they  still  function  as  locomotor 
organs;  they  do  so  most  completely  in  tho  Ostracoda*  In  tho 
Cladocei'a  also  the  second  antenna  is  still  developed  as  a  swimming 
organ,  and  this  stage  is  retained  by  the  PhjUopoda  during  a  very 
long  period  of  development.  This  justifies  us  in  reckoning  tho 
dorsal  out£(rowths  (the  first  two  pairs)  as  sti-jctly  belonging  to  the 


Fig.    121.     Nanpliufl  of   t\ 

Copopod   (Cyclops),    a  h  c 

AppcadageB, 
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category  of  appGntlages  ctgii  on  fanctional  grounds.  In  the  Jlala- 
costraca  tlie  two  pairs  of  antennfis  have  no  relation  to  locomotion, 
a.s  tnaj  indeed  be  always  seen  from  tlieir  form.  The  hinder  pair 
(Fig,  123j  at)  is  ordiuiirily  placed  besidcj  and  of  ten  is  larger  than, 
the  anterior  pair  {at),     (Cf.  also  Fig.  128,  of  a\) 

All  the  other  appendages  are  ventral  in  position*  When  tho 
metameres  begin  to  be  formed  they  make  their  appearance  following 
on  the  first  pair  of  swimming-feet,  found  in  the 
Nauplius  ;  one  pair  is  distributed  to  each  seg- 
ment. Like  this  swimming-footj  and  like  the 
second  pair  of  antenna}  thoy  have  two  ter- 
minal branches)  these  are  not  as  a  rule  dif- 
ferentiated to  an  espial  extent^  for  one  brancli  is 
greatly  developed  and  forms  the  principal  part 
of  tho  appendage,  while  the  other  forms  an 
appendage  to  it.  It  sometimes,  however,  has 
relations  to  the  respiratory  function,  and  is  then 
largely  developed.  The  appendages  have  very 
different  functions,  and  are  so  metamorphosed 
as  to  adapt  themselves  to  these  functions. 

Such  of  these  more  anterior  ventral  appen- 
dages as  lie  near  the  month  are  converted  into 
mouth-organs,  and  either  form  Jaws  Wd  jaws 
only,  or  foot -jaws.  The  relation  between  tliia 
arningement  and  the  concrescence  seen  in  the 
cephalu thorax,  has  been  lil ready  referred  to.  A 
few  pairs  only  are  converted  into  gnathites  in 
the  Branchiopoda,  and  the  remaining  appendages, 
of  which  there  is  a  very  large  number  in  most 
of  the  Phyllopoda,  have  very  much  the  same 
characters  as  swimming-feet.  The  same  thing 
happens  in  ,the  Ostmcoda,  Copepoda  and  Oirri- 
pedia.  In  the  last-mentioned  group  the  posterior 
appendages  are  converted  into  tho  characteristic 
cirri  (Fig.  119,  hi/).  The  metamorphosis  of  the 
appendages  is  seen  most  completely  in  the  Mola- 
costraca  ;  let  ns  examine  more  closely  the  arrangc- 
ment  seen  in  one  of  the  Decapoda,  We  here  find 
six  pairs  of  appendages  converted  into  gnathites, 
in  the  more  anterior  of  which  the  form  of  tho 
Phyllopod  foot  is  retained  almost  unmodified,  A 
pair  of  strong  jaws  (Fig.  122,  mil),  are  succeeded  by  two  pairs  of 
maxilla;  {mj'  mj-'),  and  these  by  three  pairs  of  maxillipedes  {mj) 
mp  mp").  The  latter  gradually  pass  into  the  locomotor  appen- 
dages ;  of  which  there  are  five  pairs  (Pig*  123,  P'— P^,  which  are 
attached  to  tlio  cephalothorax,  and  together  with  the  maxillipedes 
and  maxillas  indicate  the  number  of  metamcres  of  which  it  is  built  up. 
The  terminal  joint  of  most  of  the  ambulatory  feet  fonns  a  scissor- 
shaped   termination,   owing  to   the  great  size   of  the  penultimate 


Fig.  123.  Gnatliitea 
of  Astncns  flu  via. 
t ill's,  md  Mandible. 
>HjrFirflt  I  «Tj;  SeeoDtl 
maxilljsi.  mpmp'  mp' 
Foot-jawa.  a  Ecido- 
p^>dit©.  e  E^topodite. 
ft  Epipoditc. 
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joint,  wliicli  projects  over  the 

/] 


Fig.  12^.  Appondagei  of  ABtaotia 
fluviatjliB,  Been  from  the  ventral 
surface,  at  Anterior}  at'  Posterior 
aoteoutt.  «Kr  Mtttidibiilar piece,  mp' 
Third  maadllipcd,  wUch  covoi's  over 
tlie  otjaer  guathiteg.  P* — F^  Atnbu- 
latory.fcet.  p^ — jt^  Swiainiiog-fcet 
of  theabdoaien.  p^  Telmn.  a  Ana  a. 
o  Orifice  of  the  oviduct  in  the  biual- 
joiut  of  tlie  third  ambukitoiy  foot* 


ultimate  one;  tliis  aiTangement  is 
generally  most  marked  on  tlie  first 
pair  of  feet,  where  it  serves  as  an 
organ  of  offence.  The  ambulatory 
feetj  as  well  as  the  maxillipedes, 
have  branchial  tiifta  appended  to 
them. 

A  number  of  feet  on  the  abdo- 
men are  converted  into  delicate 
swimming- feet ;  the  first  of  them 
functions  in  the  m^ale  as  a  copu- 
latory  organ ;  in  the  female  it  is 
reduced  in  size,  while  the  other  four 
( p'^^p^)  carry  the  ova.  The  last 
pair  of  appendagOH  are  tlie  most 
modified,  for  they  (jf)  form  together 
with  the  lasfc  segment  of  the  body 
a  powerful  caudal  fin^  of  which  they 
are  the  sides. 

The  other  divisions  of  the 
ifalacostraca  present  more  or  less 
marked  deviations  from  this  ar- 
rangement in  the  number  of  their 
gnathites  or  of  the  appendagesj 
which  are  converted  into  locomotor 
organs  and  adapted  to  those  func- 
tions* Thus,  for  examplcj  in  the 
wood-louse  four  appendages  are 
converted  into  gnathites,  the  next 
eight  are  ambulatory,  and  the  last 
four  form  respiratory  plates. 

The  connection  between  respi- 
ration and  locomotion,  as  implied 
by  the  conversion  of  appendages 
into  branchial  lamellaj,  or  in  the 
differentiation  of  gills  of  various 
form  on  the  appendages^  is  a 
most  important  phajnomenon  (see 
Branehia;). 


i 


Braiichia9. 

§  186. 

The  tendency  to  longitudinal  division  which  affects  the  appen- 
dages of  the  Crustacea  adapts  tliese  structures  to  the  respiratory  as 
well  as  to  the  locomotor  function,  by  spreading  out  their  joints. 
When  the  integument  at  certain  points  gets  thinner  it  gives  rise  to 
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arrangements  by  wHcli  the  exchange  of  gases  between  the  blood 
circulating  within  the  appendages,  and  the  siiiTOundiog  medium 
is  more  easily  effected,  and  causes  either  the  whole  appendage 
or  a  fork  of  it  to  becorae  a  respiratory  organ. 

A  further  differentiation  on  tho  same  lines,  leads  to  an  increase 
in  the  number  of  the  respiratory  lamelhe  of  an  appendage,  or  to 
the  formation  of  filamentous  structures ;  the  reason  for  all  these 
changes  is  a  necessity  for  increasing  the  surface.  These  organs  are 
brancbia?*  The  connection  between  the  branchiie  and  the  appen- 
dages as  seen  in  the  Vermes  is  clearly  a  foreshadowing  of  the  still 
more  developed  arrangement  in  the  Crustacen,  which  has  here 
become  typical.  But  it  is,  of  course,  more  than  doubtful  whether  it 
has  been  directly  derived  from  tbo  Vermes. 

The  gradual  development  of  gills  may  be  followed  out  stop  by 
step  through  the  Crustacea;  the  functions  of  respiration  and  of 
locomotion  are  often  so  closely  united  that  it  is  difficult  to  say 
whetbcr  certain  forms  of  these  appendages  should  bo  regarded  as 
gills,  or  as  feet,  or  as  both  com* 
bined.  The  conversion  of  locomotor 
into  respiratory  organs  can  not  un- 
frequently  be  made  out  in  the  suc- 
cessive appendages  of  one  and  the 
same  individual*  The  branchiferous 
metameres  vary  greatly,  so  that  we 
may  say  that  the  appendages  o£ 
each  segment  can  form  gills,  or 
supports  for  them  by  developing 
branchial  organs  from  one  of  tbeir 
two  primitive  branches.  The  num- 
ber and  special  atructure,  as  well  as 
the  position,  of  these  respiratory 
organs  varies* 

Where  the  feet  themselves  be- 
come gills,  they  have  the  form  of 
broad  thin  lamelhe  (Fig.  124,  A  ht% 
the  surfaces  of  which  are  adapted 
to  effect  tho  exchange  between  the 
blood  that  is  circulating  in  them 
an  d  the  s  ur r o  u  n  d  i  o  g  w  a  t  e  r ,  Or gau  a 
of  this  kind  are  common  among  the 
Branch iopoda J  in  which,  as  a  rule, 
a  large  number  of  feet  become  gills, 
while,  in  addition  to  those^  peculiar 
pouch -like  appendages  may  be  seen 
to  be  specially  entrusted  w^itli  the 
respiratory  function.      The  abdominal   feet   of  the   Isopoda   form 

ichial  lamellte.  In  the  Ampbipoda  the  gills  are  tubular 
ftppendages  of  the  thoracic  segments,  which  are  ordinarily  attached 
to  the  basal-joints  of  the  feet.     In  the  Stomapoda  the  original  form 


Fig.  151.  SectioDs  of  Cmstacea. 
A  oi  &  Pbjllopod  (Limtietiu) 
(after  Grabe).  B  of  SquiOa  (after 
Milrjc-Edwords).  c  Heart,  i  Enboron. 
n  Ventral  meduna.  hr  Braiicbitu, 
d  Fold  of  tho  doriial  integument, 
which  formB  a  shell  in  A, 
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gives  rise  to  another  airaiigenient — the  five  pairs  of  ahdotninal 
swiraraing-feet  bear  at  their  base  a  mesially-dtrected  tuft  of  branched 
branchial  filameots  (I?  hr). 

From  the  Schii^opoda  to  the  Dccapoda  we  meet  with  a  con- 
tinuous scries  leading  from  tho  simplest  relations  to  the  most  com- 
plicated ones.  Distinct  gills  are  not  unfreqnently  wanting  in  tho 
loniier  (Mysida^),  or  the  gills  have  the  form  of  ramitied  additions 
to  tho  appendages  of  tho  cephnlo-thorax  floating  freely  outwards 
(Thysanopoda),  A  fold  18  gradually  developed,  from  the  dermal 
skeleton  of  the  eephalo -thorax  which  forms  a  plate  covering  in  a 
lateral  space  above  the  thoracic  feet  (p.  285).  In  this  space  the  gills 
are  placed  j  it  becomes  a  latemlly-placed  closed  branchial  cavity  (Deca- 
poda),  which  is  in  connection  with  the  surrounding  medium  by  means 
of  a  cleft  left  between  the  frep  edge  of  this  lamella,  and  the  basal 
portion  of  tho  feet.  As  the  covering  lamella  of  the  branchial  cavity 
becomes  more  closely  approximated  to  tho  ventral  surface  of  tho 
body,  the  primitively  simple  longitudinal  cleft,  which  gave  entmnce 
to  the  water,  becomes  divided  into  two  portionSj  and  so  gives  rise  to 
a  larger  posterior,  and  a  smaller  more  anteriorly  placed  opening,  by 
which  the  water  which  has  entered  by  the  larger  opening,  passes 
back  to  the  exterior,  after  it  has  bathed  the  gills.  The  gills  may 
geparato  themselves  somewhat  from  the  base  of  tlie  feet,  and  arise 
from  the  wall  of  tlio  branchial  cavity,  but  even  then  they  often 
correspond  in  number  to  the  appendages.  In  most  of  tho  Decapoda-j 
however,  the  number  of  gills  is  greatly  increased,  the  most  anterior 
of  the  ambulatory  feet  being  provided  with  several  gills,  while  some 
of  the  masillipodcs  also  share  in  this  arrangement.  The  respiratory 
appendages  are  more  distinctly  differentiated  in  tho  Ptjecilopoda, 
where  the  anterior  appendages  have  no  appended  organs,  while  the 
five  pairs  of  feet  attached  to  the  abdomen  are  conveiied  into  broad 
plates,  and  carry  a  large  number  of  branchial  lamella3. 


§  187. 

A  more  rapid  exchange  of  water  around  the  branchial  organs  is 
effected  in  various  ways.  Most  simply,  when  the  appendages  them- 
Bolves  function  els  gills,  or  when  the  gills,  notwithstanding  their 
being  special  organs,  are  attached  to  the  swimming -feet*  The  action 
of  tho  appendages  produces  a  continual  change  of  water  around 
the  organs,  and  puts  respiration  and  locomotion  into  direct  relation 
with  one  another,  Tho  appendages  of  the  Branchiopoda  and  the 
swimming-feet  of  the  Stomapoda  may  be  cited  as  examples  of  this 
arrangement.  In  others  the  exchange  of  water  is  effected  by  a  special 
covering-plato  of  the  branchiaa  which  is  formed  from  the  modified 
abdominal  feet ;  this  is  the  case  in  the  Poccilopoda  and  the  Isopoda. 
The  water  can  be  renovated,  even  when  tho  animal  is  at  rest,  by  the 
continual  movement  of  this  covering-plate. 

The  formation  of  a  branchial  cavity  lead  a  to  tho  differentiation  of 
new  arrangements,  by  which  the  exchange  of  water  is  effected.     In 
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the   Decapoda  provided   with   brancliial  cavities  tliere  arc   special 
churning  organs   (flagella)  on  either  side  (Fig.  125^/'),  which  rearh 
over  the  whole  of  the  gills  in  the  form  of  thin  flat  processes,  and  are 
attached  to  the  ba5ie  of  a  maxil- 
lipedj  by  which    they  are    kept 
constantly  moving  (Bmchyiira). 

The  kmollacj  of  the  integu- 
ment, which  in  many  Entomo- 
straca  carry  shells,  must  he  re- 
gainled  aa  having  a  respiratory 
significance.  This  relation  to 
respiration  is  intelligible  when 
we  note  that  a  considerable 
amonnt  of  blood  passes  through 
these  lamelh^  of  the  mantle,  and 
tliat  the  thinness  of  the  walls  of 
these  organs  presents  a  condition 
well  adapted  for  the  exchange  of 
the  gases  ;  and  that,  further,  the 
movement's  of  the  appendages 
effect  a  considemhle  exchange  of 
water  within  the  m an tle= chamber. 
When  the  pallial  hmiellje  become 
more  extended  (Limnadiacese) 
they  become  of  greater  import- 
ance for  respiration,  and  thi^ 
importance  must  increase  in  pro- 
portion to  the  reduction  in  num- 
ber of  the  appendages,  which 
lose  their  reapiratory  significance 
as  less  blood  passes  throngh  them 
(Ostracoda,  Daphnida). 


Fig^.  125.  Branehiit?  of  a  BraclijurouB 
Decapod.  The  dorpfil  iute|3ro men t  haa 
been  removed  from  the  grcator  part  of 
tho  cephAlothorax.  In  tlio  middle  is  seen 
tbe  ccelom  with  the  inteaHne  arising  from 
the  masticatory  fltouiach  v;  tho  bi^anchial 
cavities  an?  placed  at  the  eidca  aod  laid 
open  ;  on  tho  right  are  the  braochiss  ar- 
ranged m  six  taTiiellar  rows  i  on  the  left 
four  of  thorn  have  been  cut  away,  as  well 
(iS  the  flagolliim  /,  so  as  to  display  the 
churning  apparatus/'/"!  below  the  gills. 
0  Eyes,  d  Antenna?,  ar  A  single  gill 
cut  ahort  at  re. 


In  these  cases,  however,  the 
mantle  does  not  become  special! j  organised  into  a  branchial  organ, 
as  it  does  in  the  Cirripedia.  In  the  BalanidiC  folded  lamella?,  which 
have  been  regarded  as  giliB,  appear  on  tho  inner  surface  of  the 
mantle-cavityj  between  its  side-wall  and  base. 


Appendages  of  the  Tracheata, 

§188. 

The  appendages  of  the  Tracheata  are  distingiiiahed  from  those  of 
the  Crustacea  bj  the  absence  of  the  terminal  bifurcation,  so  that 
thej  are  composed  of  a  single  series  of  joints.  In  Peripatns  these 
joints  are  but  feebly  differentiated.  The  terminal  portion  only 
which  carries  a  claw  has  any  largo  amount  of  independence. 

B  2 
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All  the  Trachoafca  have  a  single  pa  ir  of  antenna3  ^  in 
the  Pcecilopoda  among  the  Branehiata  resemble  them. 
Fctdlopoda  and  in  the  Arachnida  these  antenom  are  converted  into 
njouth- organs  J  in  the  Scoqjions  and  Spiders  thej  are  known  as 
chelicerae.  NotwithstandiMg  these  relaiions  these  structures  are 
homologous  with  the  anteimm  of  the  Myriapoda  and  Insecta,  for, 
hko  them  J  tliey  are  innervated  from  the  supra-ODsopliageal  ganglion. 
They  are  developed  in  very  various  ways  among  the  Insectaj  in 
adaptation  to  the  various  functions  of  the  sensory  organs  connected 
with  them, 

The  ventral  appendages  are  disposed  symmetrically,  and  iii 
Peripatus  all  but  two  pairs  retain  this  relation  ;  in  the  Myriapoda 
most  of  the  appendages  are  similar  in  character,  but  in  all  the  other 
forms  these  appendages,  so  far  as  they  persist^  take  on  various  forms 
in  accordance  with  their  variations  in  function.  The  appendages 
of  the  anterior  motameres  become  mouth-organs;  those  of 
the  posterior  metameres  are  converted  into  feet,  and  those  on  the  la«t 
are  often  completely  atrophiedj  and  often  are  not  even  formed  in  rudi- 
ment. On  the  whole  the  number  of  appendages  is  much  less  than  in 
the  Crustacea;  within  the  several  classes  they  are  always  definite  in 
number^  and  tho  number  of  gnathites  as  well  as  of  feet  is  constant. 
In  Peripatus  the  first  two  pairs  form  mouth-organs;  the  first  of 
these  is  surrounded  by  the  sides  of  the  wall  of  the  mouth,  and  tho 
second  pair  only  lie  close  to  the  mouth.  In  the  Arachnida  there  is 
only  a  Bingle  pair  of  these  mouth-organs.  In  the  Aimnca  it  forms 
the  base  of  a  many-jointed  palp^  which  correspond  to  the  chela?  of 
tho  Scorpionea,  and  to  the  powerful  hooked  chehe  of  tho  Phrynida, 
In  the  Mites  the  pieces  of  either  side  are  united  mtn  a  grooved 
lower  lip^  in  which  the  stylet-shaped  jaw-parts  are  placed.  Tho 
four  remaining  pairs  of  appendages  persist  in  all  Amchnida  as  feet; 
the  first  of  these  is  flagellate  in  fonn  in  the  Phrynida, 

There  are  thi-ee  pairs  of  gnathites  in  the  Mjriapoda;  the  first 
pair  is  generally  developed  into  a  strong  jaw ;  in  tlie  Chilognatha 
the  second  and  third  pairs  ore  converted  into  a  kind  of  lower  lip, 
and  are  said  to  bo  represented  by  a  single  pair  in  tho  embryo ;  in 
which  case  this  order  has  only  got  two  pairs  of  gnathite^.  In  the 
Chilopodaj  however,  the  second  and  third  pairs  are  much  more  inde- 
pendent, and  the  first  pair  of  feet  is  also  associated  with  the  mouth- 
organs.  The  other  appendages  of  the  body  bavc  all  pretty  much  tho 
same  form  ;  in  the  Chilognatha  there  are  two  pairs  on  each  meta- 
mere.  The  last  pair  frequently  loses  its  locomotor  function,  and 
forms  an  appendage  which  we  shall  again  meet  with  m  a  modified 
form  in  the  Insecta, 

The  appendages  are  not  therefore  separated  into  mouth-organs 
and  locomotor  appendages  in  the  same  way  in  all  Tracheata ;  they 
vary,  but  not  so  much  as  they  do  in  the  Crustacea.  The  develop- 
ment of  the  gnathites,  or  rather  their  differentiation  from  locomotor 
appendages^  is  correlated  with  the  development  of  the  head,  that  is 
to  say^  the  head  is  formed  as  a  result  of  this  differentiation. 
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§  189. 

Three  pail's  of  tlie  pritnitivolj  Bimilar  ventral  appendages  iire  in 
the  Insecta  converted  into  mouth-organs ;  the  same  number  are 
formed  into  feet.  The  former^  arranged  round  the  month,  may  at 
first  have  well  served  to  soizo  and 
liold  food,  just  as  we  see  the  maxillte 
of  the  Crab  do  at  the  present  time. 
In  such  a  stage  as  this  the  food  is 
seized  as  well  as  comnnnuted.  The 
first  pair  form  the  mandibles,  and 
become  parts  of  the  mouth,  in  the 
form  of  a  single  joint.  The  second 
and  third  pairs  are  many  •jointed. 
But  the  basal  joint  only^  or  a  few 
of  those  succeeding  it,  which  are 
the  nearest  to  the  month,  servo  to 
comminute  the  food  ;  those  parts  are 
correspondingly  metani  orphosed. 
They  form  the  raaxillm,  and  the 
remaining  portion  of  the  appen- 
dage looks  like  a  jointed  addition 
to  it  J  and  functions  as  a  tactile 
organ  (palp)  j  in  this  way  two 
organs,  which  work  in  different 
ways,  are  differentiated  from  one 
appendage. 

The  most  indifferent  form  of 
gnatbite  is  found  in  the  Apt  era ; 
in  the  Cullembola  they  are  sunk 
into  the  buccal  cavity,  and  in  the  Tbysauura  they  are  but  feebly 
developed*  In  the  former  when  the  parts  of  the  mouth  are  in  active 
use  they  can  be  piT>tracted  and  drawn  in  again ;  and  thus  the  mouth 
is  adapted  both  to  biting  and  sucking,  though,  of  coui'se,  to  a 
very  stuall  exteut,  Tiiis  indifferent  condition  of  the  organisation  is 
developed  along  two  distinct  lines  in  the  Ptorygota. 

When  the  mandibles  are  well  developed  they  have  the  form  of 
cuttiug  organs,  which  work  on  one  another  ^  the  two  pairs  of 
maxillse  also  become  cutting  organs,  and  carry  palps  at  the  same 
time.  This  condition  is  permanent  in  the  Pseudoueuroptera,  Neu- 
roptera,  and  Orthoptera,  although  indeed  points  of  similarity  to  the 
more  indifferent  stage  may  be  seen  in  the  first  of  these;  and  nlso 
the  second  pair  of  maxilke  begius  to  show  signs  of  fusion.  When 
these  gnatbites  are  fused  in  the  middle  line  the  st-called  labium 
is  formed ;  its  palps  then  become  articulated  to  it  as  labial  palps^ 
and  indicate  the  more  priioitivo  condition  of  the  organ,  Tlio 
mouth-organs  of  the  Coleoptera  are  thus  metamorphosed. 

These  parts  undergo  more  remarkable  modifications  when  they 


Fig.  12G,  DeveloptnoatiL]  alagca  of 
Hy  (1  ro p h i  1  u s  p i e 0 us.  A  An  earlipr ; 
B  A  1ft tor  f^Oijfc.  h  Uppor  lip  (kibrmii). 
at  Antennae  ami  tlrst  pair  of  gnallutoa 
(Mandihlfjj).  mj^  Second  pair  (Max* 
ilia)*  ?i  Third  pair  (Labium)*  p'p" 
p"  Foot  (after  Kowalevakj), 
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are  adapted  to  another  mode  of  ingesting  food,  namely,  by  sucking. 
In  the  Hymenoptera,  in  which  these  organs  can  function  either  as 
sucking  or  as  cutting  organs,  the  parts  are  of  pretty  much  the  same 
form  as  in  the  mandibulate  Insecta,  but  the  maxillss  are  consider- 
ably elongated,  as  is  the  labium  and  its  palps.  A  process,  the 
tongue  (lingua),  is  developed  on  the  surface  of  the  labium  turned 
towards  the  mouth,  and  this  has  two  lateral  appendages,  or  secondary 
tongues  (paraglossae),  at  its  base.  In  many  these  appendages  are  as 
much  developed  as  the  tongue  itself. 

The  mouth  parts  can  be  derived  from  cutting  organs  even  in 
those  insects  that  are  purely  suctorial.  The  Hemiptera  and  the 
Diptera  have  the  mandibles  and  maxillae  converted  into  setse;  in 
many  Diptera  the  maxillary  setae  are  rudimentary.  The  labium 
forms  a  sheath  for  these  sette,  which  is  firm  and  jointed  in  the 
Hemiptera,  and  soft  in  most  Diptera ;  this  sheath  still  carries  the 
labial  palps,  or  rudiments  of  them.  There  is  a  rudimentary  tongue 
on  the  short  upper  lip  (labrum),  which  is  wanting  in  the  Hemiptera. 
The  mouth-organs  of  the  Lepidoptera  are  differentiated  in  a 
different  way.  In  them  the  maxillae  are  grooved,  and  united  into  a 
tube,  which  forms  a  spirally-coiled  proboscis,  which  is  ordinarily 
of  some  length ;  there  are  small  maxillary  palps  at  its  base,  which 
are  covered  by  the  palps  of  the  rudimentary 
labium,  which  are  generally  large. 

While  gnathites  are  found  on  the  metameres 
which  fuse  to  form  the  head,  the  succeeding 
appendages  form  feet,  or  locomotor  organs  for 
the  next  three,  or  thoracic,  metameres.  The 
jointing  observable  in  them  is  of  the  same  cha- 
racter in  all,  and  shows  that  they  have  had  a 
common  origin;  more  marked  differences  can 
only  be  made  out  in  their  terminal  segments, 
which  are  more  accessible  to  adaptation.  Certain 
peculiarities  in  them  are  due  to  their  varied 
modes  of  adaptation  to  modified  requirements. 

AJthough  the  number  of  three  is  constant  for 
the  feet,  in  many  Insects  a  larger  number  can 
be  made  out  in  the  embryo;  whence  we  may 
conclude  that  they  have  been  derived  from  forms 
with  a  larger  number  of  feet.  In  the  Thysanura 
the  rudiments  of  these  appendages  are  retained 
(Fig.  127,  p'),  even  on  the  abdominal  metameres 
(Campodea).  The  locomotor  processes  in  many 
Insect  larvae  (Lepidoptera  and  Tenthredinae)  may 
be  derived  from  these  rudimentary  appendages. 
•  The  paired  processes  also  of  the  terminal  meta- 
meres in  the  Thysanura,  Pseudoneuroptera,  etc.  are  derived  from 
appendages. 


Pig.  127.  Anterior 
half  of  the  body  of 
Campodea  fragi- 
lis.  a  Antenna},  p 
Feet,  p'  Badiments 
of  feet.  8  Stigma 
(after  J.  A.  Falmen). 
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§  190. 

Besides  antennte,  dorsal  appendages  occur  in  no  TracKeata  except 
the  Insects,  They  are  altogether  absent  in  the  Thysannra  and  Col- 
lembola.  As  thej  are  only  present  on  the  post-cephalic  motameros 
they  are  ionervated^  like  all  the  ventral  appendages,  from  the  ventral 
chord.  They  cannot  be  said  to  have  any  relations  to  the  branchi^B 
of  the  Cmstaceaj  or  to  be  derived  from  the  dorsal  parapodia  of  the 
AnnclideSj  and  they  may  therefore  be  fairly  regarded  as  independent 
stnictures. 

The  dorsal  appendages  have  the  form  of  lamellaj  or  filamentous 
processes  of  the  metameres,  which  are  sometimes  gronped  into 
tufts  in  the  aquatic  laiTtB  of  the  Ephomorida,  Perlida,  Phryganidaj 
etc.  These  appendages  have  a  respiratory  function  ;  and  as  tracheae 
pass  into  tliemj  they  aro  known  as  tracheal  gills.  They  are, 
widely  distributed  over  the  body^  not  only  on  the  dorsal^  but  also  on 
the  ventral  surface ;  and  are  therefore  examples  of  processes  in  an 
indifferent  condition,  of  which  the  dorsal  ones  placed  at  definite 
points  acquire  a  typical  significance.  The  lamellar  mdely-distribnted 
forms  move  in  such  a  way  as  to  be  of  gi^eat  importance  in  changing 
the  water^  juat  like  the  respiratory  appendages  of  the  Phyllopoda; 
but  they  cannot  bo  said  to  liave  any  locomotor  functions. 

The  wings  must  bo  regarded  as  homologous  with  the  lamellar 
tracheal  gills,  for  they  do  not  only  agree  with  them  in  origioj  but 
also  in  their  connection  with  the  body,  and  in  structure.  In  being 
limited  to  the  second  and  third  thoracic  segments  they  point  to 
a  reduction  in  the  number  of  the  tracheal  gills.  It  is  quite  clear 
that  we  must  suppose  that  the  wings  did  not  arise  as  such,  but 
w^ere  developed  from  organs  which  had  another  function^  such  as 
the  tracheal  gills ;  I  mean  to  say  that  such  a  supposition  is  neces- 
sary, for  wo  cannot  imagine  that  the  wings  functioned  as  such  in  the 
lower  stages  of  their  development,  and  that  they  could  have  been 
developed  by  having  such  a  function. 

But  if  the  real  cause  of  the  development  of  these  dorsal 
appendages  into  ivings  cannot  be  found  in  the  locomotor  function,  it 
must  be  sought  for  in  another.  And  this  is  that  of  respiration, 
which  would  be  well  served  by  increase  of  surface.  Every  increase 
of  surface  increases  the  respii'atory  value  of  the  organ,  and  so  leads 
towards  its  future  function.  It  is  no  objection  to  this  hypothesis  to 
say  that  ontogenetically  the  wings  are  formed  and  developed  later 
than  the  tracheal  gills  of  other  metameres,  for  those  modified 
tracheal  gills  can  only  function  when  the  unmodified  respiratory 
ones  have  lost  their  function. 

In  many  cases  the  appendicular  character  of  the  wings  is  in- 
dicated by  segmentation,  but  this  can  only  be  regarded  as  a 
secondary  adaptation.  It  obtains  in  the  movable  second  pair  of 
wings  in  the  Coleoptera  and  Forficulida?,  where  the  first  pair  have 
been  converted  into  elytra. 
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In  the  Pseudoneuroptera  both  pairs  of  wings  are  very  similar  in 
character.  In  the  other  four- winged  orders  they  have  undei^one 
considerable  differentiations.  In  addition  to  the  differences  in  size, 
which  in  the  Hymenoptera  and  Lepidoptera  are  generally  due  to  the 
increased  size  of  the  first  pair,  there  are  differences  of  structure, 
which  imply  a  difference  in  function.  In  the  Orthoptera  the  first 
pair  is  often  merely  a  covering  for  the  second  pair;  this  is  very 
distinct  in  the  Beetles  where  the  second  pair  is  often  rudimentary. 
The  elytra  have  then  become  organs  of  defence  for  the  subjacent 
abdomen.  In  the  Hemiptera  there  is  a  similar  differentiation. 
The  Diptera  have  the  anterior  pair  only,  the  hinder  pair  being 
rudimentary,  and  represented  by  the  so-called  balancers  (halteres). 
On  the  other  hand,  the  Strepsiptera  possess  the  hinder  pair  of 
wings,  or  those  attached  to  the  third  thoracic  segment,  only. 


Integument 
§  191. 

The  integument  of  the  Arthropoda  is  more  independent  and  less 
connected  with  the  muscular  system  than  in  the  preceding  divisions ; 
it  can  always  be  divided  into  two  layers.  The  cuticular  layer, 
secreted  by  a  layer  of  cells  which  is  often  much  modified,  extends 
over  the  whole  surface  of  the  body  just  as  it  does  in  many  Vermes ; 
it  is  also  continued  into  the  openings  of  the  internal  organs.  Owing 
to  its  strength  it  forms  the  most  important  part  of  the  integumei\t, 
but  it  varies  greatly  in  thickness  and  firmness.  It  is  soft  and  flexible 
between  the  segments  of  the  body,  where  these  parts  are  movably 
connected  with  one  another,  but  it  is  generally  stronger  on  the 
metameres  themselves,  and  on  the  appendages.  Its  physical  cha- 
racters vary  widely ;  there  are  all  kinds  of  transitions  between  the 
soft  investment  of  the  body  of  the  Spiders  and  most  Insect  larv©, 
and  the  firm  carapace  which  covers  the  body  of  most  of  the 
Crustacea,  the  Myriapoda,  Scorpions,  and  such  Insects  as  the  Cock- 
roach. The  variations  in  its  firmness  depend  not  merely  on  the 
thickness  of  the  cuticle,  but  on  the  chitinisation  of  its  layers.  Even 
thick  layers,  when  freshly  formed,  are  soft,  and  only  become  resistent 
when  chemical  change  occurs.  To  increase  the  firmness  of  this 
chitinous  carapace  calcareous  salts  are  deposited  in  it,  in  many 
Crustacea,  and  even  in  the  Myriapoda.  When  this  cuticle  has  be- 
come firm  it  limits  the  growth  of  the  body ;  in  these  cases  therefore 
so  long  as  growth  is  going  on  the  cuticle  is  periodically  cast 
(Ecdysis). 

In  consequence  of  its  mode  of  origin  the  cuticular  layer  is  every- 
where distinctly  laminated.  As  a  rule  it  is  traversed  by  pore-canals, 
into  which  processes  of  the  subjacent  matrix  are  continued.  The 
relatively  thin  ^'matrix'^  of  the  cuticular  layer  is  homologous  with 
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tlie  epideniiis  of  other  animals,  Alfcboiigh  in  many  cases  it  contains 
pigment  (Crustacea),  it  is  as  a  rule  colonrlesa,  the  coloration  of  the 
Arthropoda  being  generally  due  to  the  deposition  of  pigment  in  the 
outer  chiiiiions  covering.  Below  this  epithelial  layer^  which  is  also 
distinguished  as  the  "  hypoderm/'  there  is  a  layer  of  connective 
tissue,  but  this  is^  tis  a  rule,  slightly  developed  in  comparison  with 
the  cuticular  layerj  and  the  matrix, 

§  192, 

When  the  secreted  chitinous  layers  are  very  firm  they  take  on  a 
new  function  J  and  form  a  dermal  skeleton,  which  is  not  only  an 
organ  of  protection  for  the  organs  placed  in  the  body-cavity,  but  is 
also  an  organ  of  support,  and  provides  points  of  origin  and 
insertion  for  the  mnscles  of  the  body.  This  relation  holds  too  for 
the  appendages  of  the  body,  the  integument  of  which  likewise  serves 
as  a  skeleton  for  thera. 

The  formation  of  large  unequal  regions  of  the  body  produces 
changes  in  the  dermal  skeleton  by  giving  rise  to  differentiations  in 
it.  These  are  formed  by  internal  processes  and  continuations  of  the 
dermal  skeleton,  which  are  principally  found  in  those  segments  which 
carry  oral  or  locomotor  organs.  These  processes  are  very  greatly 
developed  on  the  cephalothorax  of  the  higher  Crustacea.  But  they 
are  not  wanting  in  the  other  classes.  They  are  found  chiefly  in  tho 
head  and  thorax  in  many  orders  of  the  Insecta  (Coleopteraj  Hymen- 
op  tera,  Orthoptera),  where  they  form  a  complicated  structure 
known  as  the  *'  endothorax.*^  These  parts  often  form  an  organ  of 
support  for  the  nervous  system.  They  are  also  important  as 
increasing  the  internal  surf  ace  of  that  portion  of  the  dermal  skeleton 
which  gives  origin  to  the  muscles^  and,  in  more  individualised 
structures,  they  are  closely  connected  with  the  differeutiation  of 
the  musculatui^, 

Tlie  shells,  too,  which  are  formed  from  the  chitinous  investment 
of  the  mantle-folds  of  many  Branchiopoda  and  Ostracoda,  are  of 
importance  as  skeletal  structures ;  so  too  are  the  shells  of  the 
Cirripedia.  However  different  they  may  be  in  fonn  or  size  they 
have  always  the  same  arrangement.  Two  pairs  of  ridges  or  plates 
surround  the  entrance  into  the  mantle-cavity  and  form  a  movable 
operculum.  The  shell-pieces  developed  in  tho  Balanidie,  but  which 
are  rudimentary  only  in  the  Lepadidfe,  gives  rise  in  the  former  to  a 
coutinuous  rigid  cell  (Fig.  119,//),  the  only  movable  part  of  which 
is  the  operculum  (e)  which  covers  over  the  entrance  into  the  mantle- 
cavity. 

§  193. 

Continuations  or  processes  of  the  integument  take  on  all  kinds  of 
forms,  such  as  spines,  seta?,  or  hair-like  stractures ;  these  are  modi- 
fied in  innumerable  ways  in  the  Crustacea,  Arachnida,  and  Insccta ; 
they  are  sometimes  attached  closely  and  immovably  to  the  chitinous 
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carapace,  of  which  they  form  outgrowths,  as,  for  example,  the 
set^  in  certain  parts  of  the  body  of  the  Crustacea,  the  hairs  of  the 
Spiders,  Caterpillars,  etc.  ;  sometimes  thoj  are  more  developed  and 
only  loosely  attached  to  the  body,  like  the  scales  of  Butterflies,  which 
are  also  present  in  other  divisions,  e.  g.  in  the  Thysanura.  In  any 
case  the  chitinous  investment  of  the  process  is  continuous  with  the 
rest  of  the  integument.  In  movable  appendages  of  this  kind  the 
chitinoua  layer  is  softer  at  the  point  of  attachujent,  while  the  cuticle 
does  not  change  in  character  on  the  stiff  processes.  Integumentary 
structm'es,  such  as  denticles  and  ridges,  are  also  converted  into 
organs  of  voice  in  many  Insecfca  (Grasshopper,  Cicada^). 

There  are  glandular  organs  in  the  integument,  which  are 
derived  from  modifications  of  the  epidermal  layer.  They  are  not  so 
common  in  the  Crustacea  as  in  the  Insecta.  The  secFeting  portion 
of  the  gland  consists  of  one  cell  merely,  or  of  a  few;  and  its  doct 
IS  principally  formed  by  the  pore-canals  of  the  cuticular  layer 
(cf.  Fig.  7,  p.  23). 

The  dermal  glands  are  largely  developed  in  certain  parts  of  the 
body  in  those  Insects  that  form  wax»  In  the  Aphides,  and  still 
more  in  some  Hymenoptera,  groups  of  dermal  glands  are  converted 
into  wax -sec  feting  organs.  The  spinning  glands  of  Spiders  are 
further  differentiations  of  dermal  glands,  (jl lands  which  lie  in  the 
abdomen  and  open  by  several  pairs  of  papilke  placed  behind  the 
anus  (spinning  papilla?)  produce  a  secretion,  which  hardens  into  a 
chitinoos  filament  when  exposed  to  the  air,  and  so  forms  the  thread 
of  the  Spider's  web.  An  apparatus,  which  is  only  functionally  similar 
to  this  is  found  in  Peripatus.  Two  groups  of  ramified  tubes  pass 
into  an  excretory  duct  on  either  side ;  this  duct,  which  is  locally 
widened  out,  opens  at  the  base  of  the  second  post-oral  appendage. 
The  secretion  is  of  a  sticky  character  and  rapidly  hardens.  Morpho- 
logically, these  organs  appear  to  lead  to  those  which  are  found  in 
the  larvae  of  many  Insectti,  which,  therefore,  may  be  regarded  as 
having  had  a  common  origin  with  them.  In  the  larvie  of  the  Lopi- 
doptera,  and  many  Coleoptera  and  Hymenoptera,  there  is  a  pair  of 
long  and  frequently  coiled  glandular  tubes  placed  beside  the  euteron, 
the  fine  ducts  of  which  have  a  common  opening  on  the  labium. 
Their  secretion  forms  the  silk-threads  of  the  web  of  these  larvie. 
These  '^  spinning  vessels  ^^  are  most  highly  developed  before  they 
pass  into  the  quiescent  pupa  stage  (Serictariae)  ;  after  the  web  is 
made  they  become  atrophied. 

Lastly,  other  glands  seem  from  their  secretion  to  bo  poison 
glands,  e.g*  those  which  open  on  the  claws  of  the  spiders,  and  on 
the  caudal  spine  of  the  Scorpion;  these  add  to  the  variety  of 
differentiations  which  the  glandular  system  of  the  integument  may 
undergo. 
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Muscular  System. 
§  194. 

The  m oscular  system  of  the  Ajtliropoda  is  not  homogeneous  in 
character,  like  th©  circular  or  longitudinal  layers  in  the  dermo- 
muscular  tube  of  the  Vermes.  It  is  more  differentiated,  and  we 
find  separate  bundles  composed  of  a  varying  number  of  trans- 
versely-striped muscular  fibres.  Peripatus  is  the  only  exception  to 
this,  and  its  muscular  system,  owing  to  the  absence  of  transverse 
strife  from  the  muscular  elements,  rather  resembles  that  of  the 
Vermes.  The  dermo-muscular  tube  is  however  generally  converted 
into  a  complex  of  separate  muscles,  which  together  form  a  muscular 
system.  As  the  skeleton  of  the  Arthropoda  is  an  external  one, 
the  muscles  arise  from  and  are  inserted  into  the  inner  face  of  the 
hollow  cylinder,  or  portions  of  a  cylinder,  which  are  formed  by  the 
segments  of  the  body  as  well  as  by  those  of  the  appendages.  This 
development  of  a  dermal  skeleton  is  to  be  regarded  also  as  an 
important  factor  in  the  differentiation  of  the  muscular  system,  in  so 
far  as  separate  muscles  can  only  be  formed  when  they  have  a  firm 
point  of  origin  and  of  insertion.  In  the  number  as  well  as  in  the 
varied  arrangement  of  the  separate  muscles,  the  muscular  system 
presents  a  high  grade  of  development,  which  always  curresponds  to 
the  varying  significance  and  development  of  the  metameres.  It 
differs  from  the  muscular  system  of  the  Anuelidos  in  corre- 
spondence with  the  differonco  expressed  by  the  homonomy  of 
their  metameres,  as  compared  with  the  heteronomous  ones  of  the 
Arthropoda. 

When  the  metameres  are  similar  the  muscles  of  the  mctamerea 
are  also  Btmilar,  and  when  the  separate  metameres  are  unequally 
developed,  either  by  the  fusion  of  a  small,  or  a  larger  number  into 
larger  divisions  of  tho  body,  or  by  atrophy,  there  is  a  corresponding 
want  of  similarity  in  the  arrangement  of  the  muscles  of  those  parts. 
The  development  of  the  appendages  greatly  influences  tho  develop- 
ment of  the  muscular  S}^tem,  and  when  the  metameres  which  carry 
appendages  are  greatly  enlarged  in  comparison  with  the  rest,  the 
muscular  system  takes  a  large  share  in  the  increase. 

Tho  immerical  relation  and  arrangement  of  the  muscles  often 
undergo  considerable  alterations  in  those  Arthropoda  that  undergo 
metamorphosis.  This  applies  as  much  to  progressive  as  to  retro- 
grade metamorphosis.  In  the  former  the  change  leads  to  a  differ- 
entiation into  unequal  groups;  iu  the  latter  to  an  atraphy  of  veiy 
large  parts  of  the  system ;  this  obtains  in  the  parasitic  Crustacea 
and  in  the  fixed  forms* 
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Nervous  System. 
§  195. 

The  nervous  system  of  the  Arthropoda  resemhlos  that  of  the 
Annelidesij  with  which  it  completely  ag^rees  in  its  ftindamental 
characters,  A  ganglion  placed  ahove  the  oesophagus  is  the  cephalic 
ganglion  or  cerehram;  two  commissures  from  it  embrace  the 
oesophagus,  and  form  a  nervous  cesophageal  ring^  by  heiug 
connected  with  a  ventral  ganglion.  From  this  inferior  ganglion  a 
series  of  ganglia,  connected  by  long  commissures,  extend  along  the 
ventral  internal  surface  of  the  bodyj  forming  the  ventral  gangli- 
onic chaiu*  The  greater  size  of  the  cephalic  ganglion,  compared 
with  that  of  the  ventral  ganglia,  has  been  already  seen  in  many  of 
the  Annulata;  in  the  Arthropoda  it  is  ordinarily  still  more  distinct; 
this  condition  may  be  partly  explained  by  its  relations  to  the  more 
highly  developed  organs  of  sense,  if  we  recognise  in  the  dorsal 
oesophageal  ganglion  something  similar  to  tho  brain  of  the  Verte- 
brata.  Led  by  an  idea  of  this  kind,  some  have  compared  even  the 
ventral  ganglia,  or  ventral  medulla^  with  the  dorsal  medulla  of  the 
Vertebrata,  and  have  striven  to  carry  the  comparison  still  further; 
these  attempts  ignore  the  complete  difference  between  the  type  of 
structure  of  the  Arthropoda  and  of  the  Vertebrata. 

The  increase  in  size  of  the  cerebrum  is,  as  has  been  above 
indicated,  in  direct  connection  with  the  development  of  the 
higher  sensory  organs,  especially  that  of  sight ;  and  its  modifications 
are  in  great  part  dependent  on  these.  The  ventral  chain  of 
ganglia  also  undergoes  essential  modifi cations,  although  it  is  not 
always  possible  to  make  out  in  them  a  regular  dependence  on 
the  metameric  condition  of  the  body.  The  repetition  of  similar 
metameres  gives  rise  to  similarity  of  character  in  the  ganglia  of  the 
ventral  chord,  and  to  a  regnlar  series  of  them.  Where  some  tneta- 
raeres  are  especially  developed,  their  ganglia  also  are  considerably 
increased  in  size,  while  where  there  is  concrescence  of  the  metamerea 
an  approximation  of  several  gi*oups  of  ganglia  can  also  be  noted; 
this  not  unfrequently  leads  to  a  complete  fusion  into  several  larger 
ganglia^  or  the  formation  of  a  single  large  ventral  ganglionic  mass. 

The  ganglLi  of  the  ventral  ganglionic  chain  aro  primitively 
paired,  and  connected  by  a  transverse  commissure,  as  in  the 
Annulata.  By  the  shortening  of  these  transverse  commissures,  an 
approximation,  and  finally  a  more  complete  fusion,  takes  place. 

The  peripheral  nervous  system  arises  from  tho  ganglia  of  the 
central  system,  that  is,  of  the  cerebrum  and  ventral  chain^  which  are 
distingnished  by  the  possession  of  ganglionic  cells.  The  nei-ves  either 
arise  directly  from  the  ganglionic  portions,  or  run  for  some  distance 
along  the  longitudinal  commissures,  and  then  pass  off  from  them. 

The  higher  sensory  nerves  arise,  as  a  rule,  from  the  cerebral  gan- 
glion.   This  holds  especially  for  the  nerves  of  tho  eyes  and  antennae. 
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In  addition  to  the  nerves,  set  apart  for  the  muscular  system  and 
the  integument,  there  are  also  nerves  for  the  viscera ;  of  these  the 
enteric  nerves  are  most  exactly  known.     They  partly  agree  with  the 
characters  which  obtain  in  the  An- 
nolides.     AlS   separate  ganglia  are 
embedded  in  their  course,  they  con- 
stitute to  a  certain  extent  an  inde- 
pendent nervous  system,  which  is 
called  the  ^'  stomato-gastric  nervous 
system/^     Another  special  system 
of  nerves,  which  obtains  especially 
in  the  Insecta,  arises  from  the  gan- 
glia of  the  ventral  medulla,  and  is 
known  as  the  sympathetic  nervous 
system. 

§  196. 

The  nervous  system  of  the 
Crustacea  presents  us  with  a  large 
number  of  examples  of  the  phae- 
nomena  described  in  the  foregoing 
paragraph.  The  relation  between 
the  size  of  the  cerebrum  and  the 
development  of  the  optic  organs  is 
seen  in  the  Thoracostraca,  and  in 
the  large-eyed  Hyperida  (Phronima) 
among  the  Arthrostraca,  where  the 
optic  nerves  arise  from  distinct 
lobes  ,*  these  lobes  are  also  distinct 
in  the  Wood-lice.  The  separation 
of  the  cerebral  mass  into  various 
groups  of  ganglia  generally  implies 
a  higher  differentiation.  With  this 
ought  to  be  compared  those  de- 
generations which  affect  the  cere- 
brum when  the  optic  organs  are 
reduced  or  altogether  lost;  when 
this  happens  the  antennse  also  gene- 
rally disappear.  Conditions  of  this 
kind  are  found  in  the  parasitic  Cope- 
poda,  and  in  the  Cirripedia  (Fig. 
129,  JB  gs),  and  in  consequence  of  it 
the  cerebrum  is  sometimes  repre- 
sented by  nothing  but  a  commissure. 

The  most  anterior  of  the  ventral  ganglia  is  connected  to  the 
cerebrum  by  a  shorter  or  longer  commissure.  The  length  of  this 
chord  appears  to  depend  on  the  position  of  the  mouth  with  regard  to 
the  cerebral  ganglia  (that  is  really  to  the  eyes  and  antennae).  In  the 
Malacostraca  the  length  is  very  considerable  (Fig.  128,  c ;  Fig.  129,  A), 


Fig.      128. 


NenrouB  system 
Sqaillo.  o  Eyes,  a'  First ;  a" 
Second  pair  of  antexmro.  j9  Claws, 
provided  with  prehensile  terminal 
joints,  p '  Howing-feet ;  the  last  pair 
of  the  foot-like  appendages  contribnto 
to  form  a  caudal- fin.  m  Muscles. 
gs  Supra-cdsophagcal  ganglion.  e 
Commissural  chords.  g'  Thoracic 
ganglia,    g"  g*"  g"^  Abdominal  ganglia. 
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as  also  in  many  lower  Cmstacea,  e.  g.  the  Cirripedia  (Fig.  129,  B  c); 
in  others,  again,  it  is  so  mnch  shortened  that  the  cerebral  and  ventral 
ganglia  form  a  single  nervous   mass,  pierced  by  the  oesophagus 


(e.  g.  in  CorycaeldaB). 
The 


be  ganglia  of  the  ventral  chain  seem  to  be  most  regnlarly 
distributed  to  the  separate  metameres  in  the  Phyllopoda,  which,  in 
this  respect,  retain  most  completely  the  primitive  relations  of  parts. 

The  ventral  chord  is  in  them 
composed  of  a  large  number 
of  pairs  of  ganglia  (about  GO 
in  Apus),  which  follow  one 
another,  gradually  losing  their 
transverse  as  well  as  the  longi- 
tadinal  commissars;  in  the 
Daphnida  the  ganglia  have 
the  same  characters,  although 
they  are  less  in  number,  in  cor- 
respondence with  the  smaller 
number  of  the  metameres. 

Among  the  Thoracostraca, 
the  ganglia  of  the  ventral 
chord  also  are,  for  the  most 
part,  distinct,  but  in  corre- 
spondence with  the  concre- 
scence of  the  anterior  meta- 
meres into  a  more  or  less 
extended  cephalothorax,  the 
anterior  ganglionic  masses  are 
fused ;  this  is  either  more  or  is 
less  distinctly  expressed.  Thus 
in  the  Stomapoda  (Fig.  128), 
the  ganglia  which  innervate 
the  anterior  buccal,  as  well 
as  the  prehensile  feet  (p), 
form  a  larger  complex  (g^) ;  a 
series  of  independent  ganglia, 
extending  as  far  as  the  caudal 
segment,  is  connected  with 
this  {(/"  g"'  g'').  In  the  Deca- 
poda  Macrura,  likewise,  con- 
crescence of  the  6  cephalo- 
thoracic  ganglia  seems  to  be  very  common;  while  the  6  smaller 

finglia  of  the  abdomen  still  correspond  exactly  to  the  metameres. 
urther  fusion  is  seen  in  the  thoracic  ganglia  of  some  Macrura 
(Palinurus) ;  in  Pagurus  the  ganglia  of  the  abdomen  are  represented 
by  one  only,  in  correlation  with  the  shortening  of  this  region.  So 
too  in  the  ferachyura  all  the  ganglia  of  the  ventral  chain  are  fased 
into  a  single  one  (Fig.  129,  A  gi). 

Reductions  of  this  kind  obtain,  also,  in  other  divisions  of  the 


Fig.  129.  A  Nervons  system  of  a  Crab 
(Caroinns  mronas).  ga  Cerebral  ganglia. 
0  Optic ;  a  Antennaiy  nenre.  C  (Esophageal 
commissure,  i  Transverse  connection  of 
the  commissure,  gi  Fused  ventral  mednlla 
(after  Milne-Edwards).  B  Nervous  system 
of  a  Cirripcdo  (Coronula  diadem  a). 
gB  e  gi  SB  in  A,  a  Antennary  nerves  which 
are  distributed  in  the  mantle.  Between 
them  is  the  **  optic  ganglion/'  connected  with 
the  cerebrum,  m  Nerve  to  the  stomach.  $ 
Visceral  nerve,  which  unites  with  a  second 
visceral  nerve  from  the  oesophageal  ring  to 
form  a  plexus  »"  (after  Darwin). 
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Crustacea^  and  these  also  are  often  explicable  as  being  adaptations  to 
changes  in  the  form  of  the  body.  We  find  this  concentration  in  the 
Copepoda,  where  the  Oalanida)  possess  a  ventral  chain,  formed  of 
ganglia,  whilst  in  the  Corycastdae  this  is  concentrated  into  a  mass 
fused  with  the  cerebrum.  So  too,  among  the  Cirripedia,  the 
LepadidaD  have  a  series  of  4-5  ganglia  in  their  ventral  chord ;  in  the 
Balanidas  this  is  represented  by  a  single  ganglionic  mass  (Fig.  129, 
B,  gi).  Similar  phasnomena  are  seen  in  the  Arthrostraca,  but  as  a 
rule  they  have  a  large  number  of  ganglia  (10-12  in  the  Amphipoda, 
7-13  in  the  Isopoda). 

§  197. 

In  the  Protracheata  the  nervous  system  remains  in  a^  lower  con- 
dition. A  highly  developed  and  closely  united  pair  of  cerebral 
ganglia  surround  the  mouth,  and  give  off  lateral  nerve-chords  down- 
wards. They  are  closely  approximated  below  the  oesophagus,  and 
then  pass  ventrally  to  the  hinder  end  of  the  body,  diverging  some- 
what in  their  course.  These  nerve-chords  are  united  at  their  ends. 
Along  their  whole  length  they  are  connected  by  fine  transverse 
commissures  (in  Peripatus  Edwardsii) ;  the  most  anterior  of  these 
are  the  most  distinct.  There  are  no  swellings  on  the  ventral  chord, 
and  the  ganglionic  cells  are  equally  distributed  in  it.  This 
arrangement  is  that  of  the  more  indifferent  condition  of  the  ventral 
ganglionic  chain ;  the  chain  is  formed  by  the  separation  of  the 
ganglionic  cells  in  the  longitudinal  trunks  into  separate  parts, 
corresponding  with  the  metameres.^ 

Since  in  the  Branchiata  the  ventral  ganglia  are  always  differen- 
tiated, the  arrangement  in  Peripatus  is  a  lower  one,  and  so  far 
justifies  us  in  regaling  the  Tracheata  as  an  independent  phylum. 


§  198. 

The  nervous  system  of  the  Myriapoda  indicates  a  well-marked 
step  forward,  for  there  is  a  ventral  chord  which  traverses  the  whole 
length  of  the  body  with  scarcely  any  variation  in  character,  provided 
with  ganglia  so  arranged  as  to  correspond  exactly  with  the  metameres. 
The  first  ganglion  which  supplies  the  gnathites  sometimes  indicates 
distinctly  that  it  is  composed  of  a  number  of  ganglia.  The  suc- 
ceeding ones  differ  in  size  according  to  the  extent  to  which  their 
appendages  are  developed ;  they  are  arranged  at  regular  distances 
from  one  another,  and  in  the  Diplopoda  succeed  one  another  in  pairs. 
When  the  longitudinal  commissures  are  shortened  they  form  closely 
applied  swellings  (Julidad).  An  approximation  of  this  kind  tending 
to  concrescence  is  ordinarily  seen  in  the  last  ganglia,  even  when 
the  others  are  distinctly  separated.  These  ganglia  correspond  in 
number  to  the  metameres,  so  that  there  may  be  even  as  many  as 
140  (Geophilus).  In  these  arrangements  we  see  a  condition  which 
is  most  like  the  typical  form  of  the  higher  Tracheata. 
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Among  the  Arachnidathe  ventral  ganglia  are  very  often  redaced 
and  fused.  They  are  all  characterised  by  the  close  connection 
between  the  cerebral  ganglia,  and  the  ventral  chord,  owing  to  the 
extreme  shoi^tness  of  the  commissures. 

The  nervous  system  is  most  richly  segmented  in  the  Scorpions. 
The  feebly  developed  cephalic  ganglion 
gives  off  two  short  commissures  to  the 
ventral  chain,  which  consists  of  8  ganglia. 
The  first  of  these  is  remarkable  for  its 
size,  and  appears  to  be  homologous  with 
the  single  large  ganglion  in  the  cepha- 
lothorax  of  the  Spiders.  As  in  them  it 
is  the  point  of  origin  of  the  pedal  nerves, 
and  must  therefore  be  considered  as  com- 
posed of  several  ganglia.  The  three  suc- 
ceeding ganglia  are  also  placed  in  the 
cephalothorax,  and  the  four  last,  which 
are  widely  separated  from  one  another, 
are  found  in  the  segments  of  the  tail. 

In  the  Galeodea  and  Phrynida,  as  in 
the  Aranea,  the  ganglionic  chain  is  re- 
placed by  a  large  ventral  ganglion,  which 
(Fig.  130,  i)  is,  especially  in  the  Spiders, 
of  a  radiate  form,  and  gives  off  the  nerves 
for  the  ventral  appeni&ges,  and  also  two 
which  run  into  the  abdomen;  in  the 
Graleodea  branched  nerve-trunks  are  sent 
to  the  segments  of  the  abdomen. 

In  all  thesedivisionsthe  cerebral  gang- 
lion, which  is  generally  distinctly  paired, 
and  in  the  Galeodea  (Fig.l80,«)  especially 
large,  gives  off  nerves  for  the  eyes ;  close 
by  the  optic  nerves  those  for  the  chelicerae 
arise  in  the  Spider,  and  thus  we  see  that 
these  organs  are  metamorphosed  antennas. 
A  complete  concentration  of  the  central  portions  of  the  nervous 
system  is  seen  in  the  Acarina,  where  the  cerebral  ganglia,  which 
are  often  feebly  developed,  may  be  replaced  by  a  commissure.  The 
ventral  medulla,  which  is  large  and  forms  a  single  mass,  exhibits 
numerous  traces  of  segmentation  in  the  arrangement  of  the  gang- 
lionic cells  and  fibrous  elements  ;  it  gives  off  nerves  all  round. 

The  simple  character  of  the  nervous  system  in  the  Pycnogonida 
is  due  to  the  decrease  in  number  of  their  ganglia,  owing  to  a  reduc- 
tion of  the  segments  of  the  body ;  their  cerebrum  is  connected  by 
short  commissures  with  the  ventral  medulla,  which  is  formed  of  four 
pairs  of  ganglia. 


Fig.  130.  Nervous  system  of 
Thelyphonas  candatas. 
8  Cerebral  g^glion.  i  Ventral 
gaDglion.  o  Eyes,  p  Palpi. 
pi—piv  Feet,  tr  Lungs,  c 
Tail-like  appendage  of  the 
body  (after  Blanchard). 
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§  199. 

In  the  lusecta,  we  find  a  form  which  corresponds  to  the  primi- 
tively homonomous  segmentation  of  the  body  at  the  commencement 
of  the  process  of  development;  and  all  succeeding  arrangements 
of  the  nervous  system  are  developed  from  it.  The  ventral 
chord  traverses,  as  a  rule,  the  whole  length  of  the  body,  the 
ganglia  being  separated  by  equal  distances  from  one  another, 
so  that  the  last  ganglion  Ues  m  the  last  segment  of  the  body. 
This  character  corresponds  to  the  equivalence  of  the  metameres, 
which  obtains  at  these  stages,  and  points  to  its  transmission  from 
a  lower  stage,  such  as  tlmt  which  we  find  permanently  in  the 


>j 


/•• H 


Fig.  131.  Nervous  syatcm  of  Insccta.  A  Of  Termos  (aitor  Lcspbe).  £  Of  a  Beetle 
(Dytiscus).  0  Of  a  FI7  (after  Blanchard).  gs  Supra-cesophageal  ganglion 
(Cerebral  ganglion),     gi  Sub-oesophageal  ganglion,     gr  g^  g^  Fused  ganglia  of  the 

ventral  choi3.     0  Eyes. 


Myriapoda.  It  is  only  when  the  Insect  passes  out  of  its  larval 
condition  to  the  perfect  one  that  changes  appear.  The  development 
of  some  metameres,  the  intimate  fusion  of  others  to  form  larger 
portions  of  the  body,  the  greater  development  of  the  appendages, 
which  persist  on  some  metameres  only,  with  the  consequent  increase 
of  the  muscular  supply,  as  well  as  many  subordinate  arrangements, 
must  be  considered  as  affecting  the  changes  which  take  place  in  the 
nervous  system.  The  decrease  in  number  of  the  ganglia,  by  the 
shortening  of  the  longitudinal  commissures,  and  the  consequent 
fusion  of  separate  ganglia,  produces  a  shortening  of  the  whole 
ventral  chord.  Owing  to  the  independent  character  of  the  head  of  the 
Insecta,  in  comparison  with  the  other  regions,  the  first  ganglion  of 
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tlie  ventral  chordj  which  is  prtmitively  composed  of  three,  remains 
embedded  in  the  hond  (sub-cESophageiil  ganglion),  and  takes  no 
share  in  the  concrescence  which  affects  the  other  ganglia  ;  it  is  only 
in  a  few  cases— in  Insecta  degradefl  by  parasitism — that  a  union  of 
this  ganglion  with  the  rest  of  the  ventral  chord  takes  place. 

The  cerebral  ganglion  (Fig,  131j  A  B  0,  gs]  is  almost  always 
tlLstinctlj  divided  into  two  halves,  each  of  which  is  again  composed 
of  several  smaller  masses  of  ganglia,  which  are  often  coniplicjited  in 
strnctnre.  The  ganglia  of  the  ventral  chord  are  primitively  paired, 
and  often  become  closely  nnited.  On  the  other  baud,  the  longitn- 
dinal  commissures  remain  don ble,  even  when  they  arc  closely  npplied 
to  one  another.  There  is  also  a  separation  of  the  ventral  chord  into  a 
superior  and  an  inferior  portion  which  corresponds  to  a  physiological 
differentiation. 

The  first  ganglion  of  the  ventral  chord  (G,  infraoesopliagcnm) 
s^nds  off  fibres  fur  the  organs  of  the  mouth.  The  three  succeeding 
t'loracic  ganglia  principally  give  off  nerves  to  the  appendages,  feet, 
and  wings;  they  are  consequently  of  some  size.  On  the  other  band^ 
the  succeeding  ganglia  are,  as  a  rule,  small,  the  last  alone  being 
an  exception  to  this,  for  it  is  of  a  larger  size  in  correspondence 
with  its  relations  to  the  generative  S3'stem. 

Even  in  the  Aptera  there  is  a  fair  amount  of  variation,  for 
11  ventral  ganglia  (Lepisma)  can  bo  made  out  in  the  Tbysaoura, 
while  there  are  only  3-i  in  the  Gollembola.  The  last  portion  of  the 
ventral  chord  seems  to  form  a  complex  of  ganglia  in  many  (Orchesella, 
Achorutes), 

As  to  the  Pterygotaj  the  chief  point  is  that  of  all  the  orders  the 
least  amount  of  met  amor  pbosis  is  seen  in  the  Psendoneuroptera. 
In  them  the  ventral  medulla  traverses  the  whole  length  of  the  body, 
and  there  are  5-9  abdominal  ganglia  in  addition  to  the  three  thoracic 
(Fig.  131,  A),  The  Orthopternj  which  have  5-7  abdominal  ganglia, 
resemble  them  in  this. 

There  are  great  variations  in  tho  Coleoptera,  In  some  the 
ventral  chord  extends  as  far  as  the  end  of  the  abdomen,  sometimes 
possessing  8  separate  ganglia  (e.g.  in  Cerambycida3,  Carabida), 
etc.);  in  others  again  the  3  ganglia  of  the  thoracic  portion  are 
oidy  represented  by  two,  the  second  and  thii^d  being  fused,  whilst 
the  abdominal  gangba  are  also  connected  into  one  mass,  which  im- 
mediately sncceeds  the  preceding  ganglion  (CurculionidaandLamel- 
licornias).  In  other  families  there  are  connecting  links  of  various 
kinds  between  these  conditions  which  represent  the  extremes.  In 
the  Hymenoptcra  we  generally  find  tho  thoracic  ganglia  reduced  to 
two,  while  the  abdominal  part  of  the  ventral  chord  has  frequently  5  or 
C  separate  ganglia*  These  are  in  many,  however,  reduced  to  4  or  3, 
and  even  to  one.  The  abdominal  part  of  the  ventral  chord  is,  in  the 
Hemiptei-aj  placed  in  the  thorax,  and  is  represented  liy  a  ganglionic 
mass  connected  with  the  thoracic  ganglia,  which  arc  also  simple,  by 
a  commissure  of  varying  length.  The  nerves  for  the  abdomen  con- 
sequently take  a  longer  course,  and  form  two  longitudinal  trunks 


J 


NERVOUS  SYSTEM  OF  ARTHROPOBA. 


259 


wliich  arise  from  the  last  gaiigUou.  A  similar  difference  in  the 
number  of  tlie  ganglia  of  the  yentral  chord  obtains  in  the  Dipt  era, 
where  the  most  primitive  characters  are  seen  in  Puh'X  ;  o  thoracic 
and  7-8  abdominal  gangha.  In  others  there  is  generally  a  consider- 
able redaction  bj  the  fusion  of  the  thoracic,  or  of  the  abdominal 
ganglia,  or  of  both  (Fig.  131,  C).  With  this  is  connected  the  com- 
plete fusion  of  the  ventral  chord  into  one  somewhat  long  knot,  in 
the  parasitic  Pnpipara.  We  iind  the  same  charactens  in  the  Strep- 
siptera.  As  to  the  Lepidoptera  there  h  more  uniformity  in  them, 
a  constant  number  of  ganglia  being  found 
in  the  htrva,  while  when  it  is  inetamor- 
phosed  into  the  butterfly  the  mode  of  fusiun 
appears  to  bo  essentially  the  same  in  all, 

§  200* 

TLe  visceral  nervous  system  of  the 
Arlhro|>oda  shows  signs  of  8ome  common 
chfirncterSj  together  with  great  variation  in 
particular  points*  Among  the  Crustacea 
nerve-fihiments  pass  from  the  cusophageal 
commissure  to  the  enteroUj  or  a  nerve  passes 
to  the  enteric  canal  from  the  ventral  chord, 
{In  Astacus  from  the  last  ganglion  also.) 

Even  in  the  Arachnida  nerves  are  given 
off  partly  from  the  cerebrum,  and  partly 
from  the  ventral  ganglion  to  the  enter  on  ; 
in  the  Opilionea  the  posterior  ones  are  pro- 
vided with  a  large  number  of  ganglia. 

In  the  Insecta  nnd  Myriapodathe  break- 
ing up  of  the  visceral  nervous  system  into 
several  portions  has  been  more  generally 
made  out;  we  wilt  therefore  examine  the 
.■irnmgement  of  it  more  closely.  One  part 
forms  the  so-called  paired  system,  which 
consists  of  two  branches  running  back- 
wards from  the  cerebral  ganglion  to  the 
sides  of  the  cesophagus  ;  these  form  a  simple 
chain  of  ganglia  (Fig.  132,  s'  s")  on  either  side.  The  number  of 
these  ganglia  varies,  and  it  is  often  difficult,  on  account  of  their 
plexus-liko  connection  with  the  unpaired  system,  to  determine  to 
which  system  they  belong.  The  unpaired  system  (r  r  )  arises  in  a 
ganglion  which  lies  in  front  of  the  cerebrum,  and  is  more  or  less 
connected  with  it.  From  this  ganglion  a  thicker  nei*ve  [r)  passes 
backwards  over  the  rt^sophagns  to  the  stomach,  and  forms  a 
plexus  with  the  branches  of  the  paired  eystem ;  from  this  plexus 
the  neiglihouring  parts,  especially  those  of  the  digestive  system,  are 
innervated.  In  many  Insects  this  nerve  (N,  recur rens)  forms  a  single 
ftiiglion  (Coleoptera  and  Orthoptera)^  in  others  several  (Lepidoptera) 

s  2 


Fig.  132,  SuprUr-cesopWgoai 
gatigHoa  and  vinecnLl  ner> 
vons  sjeteiu  of  one  of  tbe 
Lepidoptera  (Boiubyat 
Mori)*  ij  s  Supm-tDSopha- 
geal  ganglion  (Ccr^bmin). 
a  Ante  unary  nerve,  o  Optic 
nerro.  r  Axygos  trunk  of 
viscoral  ncrvoiia  system. 
r'  It  a  roota  arising  fi*om  tho 
anpi^a-cEfiopliagcal  ganglion. 
a  Pairofi  nerve  with  its 
ganglionic  enlargement©  h's" 
(after  Brandt). 
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Tliere  is  yei  another  system  of  nerve-branches  in  connection  with 
this  plexus  J  it  is  principally  applied  to  tlio  large  branches  of  tho 
trachea^  and  tho  nni.selos  of  tho  sliginata.  This  tirmnguinent  is 
brought  [ibout  by  a  nerve-filamuiit,  which  runs  on  tho  surfrico  of  tho 
ventral  chain,  and  is  divided  into  two  fork-like  V*ranches  in  front  of 
each  ganglion  {Nervi  transversi  accessorii).  Tbe  branches  receive 
nerve-twigs  from  the  upper  chord  of  the  vonlral  chain,  and  pass 
partly  on t wards  to  the  branches  of  tho  tracheas  and  the  muscles  of 
the  stigmata,  and  partly  backwards^  whore  tliey  unite  in  the  middle 
linOj  and  at  tho  next  ganglion  repeat  this  arrangement. 


Sensory  Organs, 

Tactile  Organe, 

§  20L 

The  HeuBory  organs  of  the  Arthropoda  are,  for  the  most  part, 
allied  to  those  of  the  Vermes,     All  but  a  few  indicate  a  connectiun  of 

this  kind,  and  these  few  are  to  be  re- 
garded as  arrangements  which  are 
developed  in  this  division  only.  The 
carapace-like  covering  of  the  body 
of  most  Arthropoda  requires  special 
organs  to  produce  tho  sensation  of 
touch  J  the  form-elements  of  thi^c  are 
connected  with  ganglionic  cells,  and 
form  rod-like  nerve-endings.  These 
ganglionic  cells  are  generally  struc- 
tures which  are  derived  from  the  ecto- 
derui,  and  the  whole  apparatus  not 
nufrequontly  retains  its  primitive 
position. 

These  end  organs,  which  are  found 
in  the  most  different  parts  of  tho  body, 
form  indifferent  sensory  organs,  which 
in  certain  parts  take  on  the  form  of 
tactile  organs  (cf.  Fig.  lo3).  Organs 
of  this  kind  arc  mostly  funiul  on  the 
appendnges,  w^hero  they  present  rod- 
shaped  projecting  ends. 

In  the  division  of  the  Crustacea 
these  tactile  rods  have  been  recog- 
nised  in  many  forms,  and  that  not 
only  on  the  antennae,  especially  in  the  lower  Crustacea,  but  even  on 
otlier  appendages  of  tho  body.  In  the  Myriapoda  and  Insecta 
there  nre  tactile  rods  on  the  anteniue,  and  in  tho  latter  they  are 
also  found  on  the  tarsal  joints  of  the  feet. 


Fig.  1 33,  Korv'P  .  en  d  i  1 1^'  with 
tftctilo  rmls,  ftom  tho  iiroboHcis 
of  a  Fly  (Musca),  n  Nerve. 
g  GaiigltoDic  Bwelling,  «  Tactile 
rodji.  c  Pino  hairs  of  tho  cuticio 
(after  Leydig). 
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In  arldition  to  ttese  tactile  rods  special  organs  resembling  tliem 
are  found  on  tlio  antenna?  of  the  Crustacea  and  Insecta  ;  thcj  aro 
sometimes  of  considerable  size,  and  aro  innervated  in  the  same  way 
as  are  the  tactile  rods.  In  the  Crustacea  they  are  formed  only  on 
the  inner  (anterior)  pair  of  antennae  In  the  Insecta  they  arc  mueh 
Bhorterj  and  are  conical  in  form*  Their  position,  in  addition  to  the 
circumstimce  that  they  are  less  long  than  the  indifferent  bristles,  or 
are  placeil  in  depressions,  makes  it  probable  that  these  organs  have 
another  function,  and  it  is  very  easy  to  suppose  that  they  arc  organs 
of  smell,  or  at  least  of  a  sensation  Yerj  mneh  like  it.  In  this  case 
the  an  ten  me,  by  the  differentiation  of  special  nerve-end  ings^  have 
more  than  one  function,  and  do  not  merely  preside  over  the  sense  of 
touch. 


Auditory  Organs. 
§  202. 

Auditory  organs  are  not  widely  known  in  the  Arthropoda,  no 
sign  of  them  having  been  seen  in  the  Myriapoda  and  Arachnida ; 
on  the  other  hand,  in  some  divisioua  of  the  Crustacea  and  Insectaj 
organs  may  be  matle  out,  which  appear  to  be  adapted  for  the  sensation 
of  sound. 

There  are  two  principal  forms  of  the  organ,  which  are  exactly 
correlated  with  the  medium  in  which  the  animal  lives.  One  form  ia 
found  in  the  Crustacea,  and  consists  of  a  saccular  space,  formed  by 
an  inpushiug  of  the  integument ;  it  sometimes  remains  open  and  is 
sometimes  closed.  These  auditory  vesicles  lie,  in  most  of  tlio 
higher  Crustacea,  in  the  basal  joint  of  the  internal  antenna3.  Thus 
in  Leucifer,  Sergestes,  and  other  Malacostraca,  as  also  in  the 
Arthrostraca(Hyperida),a  pair  of  those  organs  may  be  found  in  front 
of  the  cerebrum.  As  secondary  structures  they  may  also  be  found 
on  other  parts  of  the  body.  Thus  in  the  Mysidie,  they  lie  in  the  two 
inner  lamcllm  of  the  fan  of  tlie  tail.  There  are  fii'm  structiu'es, 
otoliths,  in  tlie  auditory  vesicles,  which,  when  the  vesicles  are  close  J 
(in  Mysis  and  Hippolyta),  consist  of  a  concretion,  which  is  held  fast 
by  fine,  regnlarl}' -or ranged  hairs.  When  they  are  open,  as  they 
are  very  commonly  among  the  Decapoda,  and  also  in  Tanais,  the 
orifice  is  greatly  complicated.  The  place  of  the  otoliths  is  here  taken 
by  grains  of  sand  bronglit  in  from  the  exterior ;  these  are  regularly 
attached  by  special  hairs,  which  arise  from  the  wall  of  the  auditory 
vesicle.  They  are  like  the  other  hairs  of  the  integument,  but  are 
distinguished  from  them  by  not  having  their  shaft  directly  con- 
nected with  the  floor  of  the  vesicle,  most  of  them  standing  on  a  fine 
membranous  process,  to  which  endings  of  nerves  pass.  In  this  they 
agree  with  the  rod -like  processes  which  carry  the  otoliths  in  the 
Mysidaa,  to  which  nerves  likewise  pass.  The  auditory  nerve  in  these 
forms,  in  which  the  auditory  vesicle  is  embedded  in  the  internal 
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antennae,  is  a  branch  of  the  internal  antennary  nerve.  Both  struc- 
tures thus  represent  the  end  organs  of  nerves,  which  are  set  in 
vibration  by  the  shaking  of  the  firm  body  (Otolith)  which  they 
carry,  and  thus  produce  an  excitation  of  the  nerve. 

The  general  character  of  this  remarkable  system  shows  us  how 
the  auditory  organs  arise  from  a  differentiation  of  an  indifferent 
sensory  organ  connected  with  the  integument.  The  auditory  haira 
are  only  modifications  of  other  "  hairs  ^'  of  the  integument  which 
contain  nerve-endings,  and  just  like  those  which  may  appear  on  tho 
free  parts  of  the  body  (tactile  rods).  The  formation  of  the  unclosed 
auditory  vesicle,  or  auditory  pit,  represents  therefore  a  second  stage 
in  this  differentiation;  and  the  change  into  a  closed  vesicle  is  a 
further  stage  of  this  pha^nomenon. 

Hensen%  ZeitBchr.  f .  wiss.  Zool.  XIII. 

§  203. 

The  other  form  of  auditory  organ  is  found  in  the  Insecta.  It  is 
principally  in  the  Orthoptera,  which  are  also  provided  with  vocal 
organs,  that  an  organ  for  receiving  the  waves  of  sound  can  be  made 
out.  The  ordinary  arrangement  is  a  tympanic  membrane,  stretched 
on  a  firm  chitinous  ring,  one  surface  being  directed  to  the  exterior, 
the  other  to  the  interior.  On  its  inner  side  there  is  a  tracheal  vesicle, 
and  on  this,  or  between  it  and  the  ''tympanum,"  there  is  a 
ganglionic  nervous  enlargement,  from  which  specially  modified 
nerve-endings,  having  the  form  of  small  club-shaped  rods,  arise 
between  fine  filaments.  The  tympanum,  as  well  as  the  tracheal 
vesicles,  serves  as  an  organ  for  conducting  sound.  Tho  organs  of 
perception  are  represented  by  the  nerve-endings,  which  are  regularly 
arranged.  In  the  Acridida  the  organ  lies  in  the  metathorax,  just 
above  the  base  of  the  third  pair  of  legs,  and  receives  its  nerve  from 
the  third  thoracic  ganglion.  The  Locustida  and  the  Achetida  havo 
the  organ  embedded  in  the  tibia  of  tho  two  anterior  legs.  In  the 
former  a  tympanum  lies  on  either  side  of  this  leg,  either  super- 
ficially, or  at  the  bottom  of  a  cavity,  which  opens  anteriorly  by  a 
single  orifice.  Two  tracheal  branches  occupy  the  space  between  tho 
two  tympana,  one  of  which  carries  the  ridge-shaped  nervous  end- 
organ.  This  auditory  ridge  is,  in  Locusta,  formed  by  a  series  of  cells 
which  grow  smaller  towards  one  end;  each  of  these  contains  a 
"  rod  '^  of  proportional  size.  The  tympanum  in  the  Achetida  lies  on 
the  outer  side  of  the  tibia  of  the  anterior  leg. 

Other  organs,  the  nature  of  which  is  less  definitely  settled,  are 
allied  to  these,  as  by  their  general  structure  they  represent  auditory 
organs ;  the  presence  of  the  same  pencil-shaped  body  in  the  termi- 
nations of  nerves  justifies  us  in  at  least  ranking  these  organs  with 
the  auditory,  while,  further,  such  a  relationship  is  implied  by  the 
ganglionic  outspreading  of  the  proper  nerve  along  a  tracheal  branch. 
The  ends  of  the  nerves  are  directed  towards  the  integument,  the 
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chitinous  layer  of  which  is  always  provided  with  a  number  of  closely- 
applied  groups  of  pore-canals  instead  of  a  tympanum.  Organs  of 
this  kind  have  now  been  recognised  at  the  root  of  the  posterior  wing 
of  the  Coleoptera,  as  well  as  on  the  base  of  the  halteres  of  the 
Diptera. 

The  two  forms  of  auditory  organs  in  the  Arthropoda  are  indeed 
very  different  from  one  another  in  the  details  of  their  arrangements^ 
but  there  is,  nevertheless,  a  connection,  for  in  both  cases  the  chitino- 
genoas  cellular  layer  gives  rise  to  parts  which  carry  the  special  end- 
organs  ;  in  the  Crustacea  these  are  connected  with  processes  of  the 
integument,  the  auditory  hairs;  while  in  the  Insecta  they  are  con- 
verted into  the  small  pencils,  and  are  consequently  differentiated  in 
another  direction ;  they  remain  within  the  dermal  skeleton,  and  have 
no  relations  to  the  processes  of  it.  No  homology  can  be  made  out 
between  these  organs,  owing  to  the  diversity  of  their  position,  and 
from  the  fact  that  more  complicated  organs  are  derived  from  an 
elementary  arrangement,  which  is  distributed  generally  in  the 
integument. 

Lkydio,  Arch.  f.  Anat.  u.  Phys.  1855. — Gbabeb,  V.,  Die  tyinpanalen  Sinnesap- 
parate  der  Orthoptcren.    Denkschr.  d.  Wiener  Acad.  M.  N.  CI.    Bd.  XXX  VI. 


Visual  Organs. 

§  204. 

In  the  visual  organs  of  the  Arthropoda  wo  meet  with  points  of 
resemblance  to  certain  forms  of  eye  found  in  the  Vermes ;  to  those, 
namely,  in  which  a  number  of  end-organs  of  ^the  optic  nerves  are 
placed  directly  beneath  the  integument  (Sagitta,  Hirudinea,  etc.). 
But  they  have  no  close  affinity  to  the  more  developed  eyes  of  the 
Annelides,  which  are  distinguished  by  the  possession  of  a  separate  lens 
(§  125).  In  Arthropoda,  as  in  other  forms,  the  integument  is  the  spot 
at  which  the  eye  is  differentiated; 
its  mode  of  composition  out  of  the 
elements  of  the  integument  will  be 
understood  by  a  reference  to  the  sub- 
jacent diagram;  although,  of  course, 
this  does  not  represent  the  simplest 
condition.  The  cuticular  layer  of 
the  integument  forms  a  biconvex 
thickening  over  the  eye  (/) ;  this 
forms  a  refracting  but  also  a  defen- 
sive organ,  and  functions  therefore 
as  a  cornealens.  The  eye,  which  is 
formed  from  the  hypodermic  layer 
(A),  lies  behind  this  lens.  Around  it 
the  hypodermic  cells  elongate  and  change  their  position;  they  become 
pigment  cells  (p).     The  optic  cup,  into  which  project  transparent 


Fig.  134.     Section  throngh  the  simple 

eye  of  a  young  Dytiscus  larva 

(affcer  Grenacher). 
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cells  (^)>  wlircli  at  firsfc  are  placod  bcsido  tlie  pigment  cells,  cornea 
next.  These  cells  represent  a  vitreous  body.  Lastly,  tliero  are  tho 
celk  (r)  which  form  a  kind  of  retina ;  these  are  connected  with  the 
optic  nerve  (e),  but  convorgo  towards  the  exterior,  and  so  towards 
the  posterior  surface  of  the  lens,  where  they  undergo  various  kinds 
of  differentiation.  The  vitreous  bodvj  pigment  cells,  and  "  retina  ^^ 
are  therefore  clearly  continuous  with  the  ectodermal  layer  (hypo- 
derm)^  and  aro  differentiations  of  it,  just  as  the  comea-lens  was 
formed  from  the  cuticular  layer^  which  ogain  can  bo  derived  from 
the  hjrpoderm*  The  elements  which  compose  the  eye  undergo 
various  differentiations,  A  special  structure,  the  '*  rod/'  is  generally 
differentiated  in  the  anterior  end  of  the  retinal  cells-  When  a 
number  of  these  cells  are  united  into  a  single  apparatus  the  rods  also 
become  united,  and  form  a  special  structure,  the  '*  rhabdom/'  in 
tho  long  axis  of  a  group  of  combined  retinal  celb.  The  retinal  cells, 
which  give  rise  to  the  rhabdom,  constitute  a  *^retio«la/'  Tho  cells 
in  the  vitreous  body  in  front  of  the  retinal  cells  may  also  undergo 
great  modifications.  Each  group  separates  off  a  transparent  highly 
refractive  substancOj  which  forms  the  so-called  "crystalline  cone;'^ 
tho  apex  of  tins  is  turned  towards  the  rhabdom,  and  its  base  towards 
the  integTiment,  i.e.  to  the  cornea-lens. 

Owing  to  the  different  development  of  the  various  parts,  and  to 
the  various  ways  in  which  they  are  combined,  tho  optic  organ 
of  Arthropoda  becomes  very  varied  in  character.  Muscular  fibres 
sometimes  enter  into  tho  composition  of  the  eye,  and  appear  to 
form  a  focussing  apparatus. 

These  eyes  belong  to  tho  head.  The  optic  nerve  arises  from 
the  cerebral  ganglion.  In  all  divisions  the  eyes  may  undergo 
degeneration,  and  even  completely  disappear.  Eyes  are  but  seldom 
developed  on  other  parts  of  the  body,  as  they  often  are  in  the 
Annelides,  so  that  the  presence  of  eye-hke  organs  on  the  thorax  and 
abdomen  of  the  Schizopod  genus  Euphausia  m  a  rare  exception. 


§  205. 

The  simplest  eyes,  although  indeed  their  structure  is  not  yet 
exactly  known,  are  found  in  the  EDtomostraca.  Each  eye  appears 
to  possess  one  crystalline  cone  only,  which  is  sunk  into  a  mass  of 
pigment,  and  is  gene  ml  !y  separated  from  the  integument.  Two  such 
eyes,  which  are  generally  placed  immediately  on  the  cerebriun,  are 
characteristic  of  the  Nauplius  form  of  tho  Entomostraca.  There  are 
two  eyes,  connected  in  the  middle  lino,  placod  close  to  one  another, 
and  fused  into  one  organ  by  the  connecting  pigment ;  when  they 
are  not  placed  on  the  cerebrum  itself^  they  are  carried  on  a  median 
process  of  it.  The  Cirripedia  and  Khizocephala  have  eyes  during 
their  larval  condition  ;  the  latter  lose  them  later  on.  In  many  free- 
living  Copepoda  the  eye  is  more  or  less  distinctly  divided  iiito  two. 
In  that  case  there  is  another  and  larger  eye  on  each  side,  in  addition 
to  the  larval  eye.      Each  of  these  is  generally   provided   with   a 


TISITAL  0IIGAS"S  OF  AEl 


265 


crystHllin©  cono  o£  some  sizo,  in  front  of  whicli  a  corresponding  por- 
tion of  the  cuticnlar  layer  of  the  integument  forms  a  lens-like  organ 
(CorycsBidsB),  The  presence  of  several  crystailiue  cones  in  each  eye 
forma  an  intermediate  step  to  the  more  complicated  form  of  eye. 
As  the  integuuieot,  which  is  fonnd  over  the  simple  pair  of  eyes, 
becomes  thickened  into  two  facets  corresponding  with  the  crystal- 
line cones,  these  structures  resemble  in  their  mode  of  formation  the 
cornea-lenses. 

In  addition  to  the  median  eye,  which  is  sometimes  represented  by 
a  mere  speck  of  pigment,  the  Cladocera  and  Phjllopoda  possess  two 
compound  eyes,  from  which  it  may  be  concluded  that  the  median 
oncj  wdiich  corresponds  to  the  eye  of  the  Nauplius,  is  a  special 
structure,  which  does  not  become  developed  into  the  permanent 
eye.     This  ^'  larval  eye  *^  is  probably  a  tmnsmitted  arningemeDt. 

By  their  power  of  movement,  and  their  position  immediately 
beloTV  the  chitinous  carapace,  the  eyes  of  the  Branchiopoda  form  an 
intermediate  step  tow^ards  those  in  which  the  chitinous  carapace  takes 
a  more  direct  share  in  forming  the  < iptic  organ.  Further,  the  jrosition 
of  the  eye,  on  a  stalk*like  process  ( Artemia  and  Branchipus),  presents 
a  point  of  afhuity  to  tlie  podophthalmate  Malacostraca. 

Two  types  of  eye  are  derived  from  these  conditions,  which  are 
very  common  in  tho  higher  divisions  of  the  Crustacea,  and  in  the 
Trachcata,  According  as  the  elements  of  the  retina,  which  form 
the  perceptive  apparatus,  nnite  into  a  compact  simple  organ,  or  as 
these  organs  are  themselves  part  of  a  more  complicated  structure,  the 
optic  organs  are  distinguished  as  simple  eyes  (Stemmata,  Ocelh), 
or  as  compound  eyes.  The  cuticnlar  layer  of  the  integument 
takes  a  greater  or  less  share  in  the  formation  of  this  apparatus. 

The  simple  eye  (Fig.  134)  is  commonly  found  in  the  larval 
forms  of  the  Insecta,  and  there  are  generally  a  number  of  them  on 
either  side  of  the  head.  In  tho  Thysanura  this  form  appears  to 
persist.  Tho  chitinous  layer  forms  a  cornea-lens  over  each  eye.  In 
many  Insects  we  find  these  simple  eyes  in  company  with  the  compound 
ones^  between  which  they  are  placed,  generally  in  twos  or  threes, 
and  on  the  froutal  surface.  They  are  distinguished  from  the 
compound  eyes  by  being  composed  of  a  large  number  of  retiutil 
elements,  which  are  covered  by  a  simple  coniea-lens. 

In  the  Myriapoda  the  eyes,  which  are  placed  in  one  or  two  rows, 
vary  in  number  (4-8).  It  seemg  as  if  we  had  tlie  larval  stage  in  tho 
eye  of  insects  perjnanently  represented,  but  we  have  no  exact 
knowledge  on  the  subject. 

In  the  Arachnida  the  arrangement  is  nuicli  the  same.  There 
arc  numerous  peculiarities  both  in  the  arrangement  and  number 
of  their  eyes.  Two  large  eyes  are,  in  the  Scorpions,  approximated 
to  one  another,  and  on  each  side  there  is  a  group  (2-5)  of  smaller 
eyes.  In  the  Spiders  and  Phrynida  there  are,  as  a  rule,  8,  more 
seldom  6,  symmetincajly  distrihuted  on  the  anterior  part  of  the 
cephalothorax  ;  they  generally  vary  in  size  ;  in  the  Opiiionida  there 
are  only  3  or  4  in  the  same  place,  the  largest  of  which  are  placed  on 
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an  elevatlou  of  the  cephalothorax.  In  tlie  Pyciaogouida  4  eyes  occupy 
a  similar  pusitioii.  On  the  other  hand  thej  are  reduced  to  2  in  many 
Mites,  and  so  also  in  the  Tardigrada ;  in  many  parasitic  Mites  they 
have  completely  dissippeared.  The  principal  point  in  their  strncture 
is  the  presence  of  a  cornea-lens,  which  h  ordinarily  very  large  in  each 
eye ;  hc-hind  this  is  a  layer  of  cells,  which  represents  the  vitreous 
body,  and  to  this  the  retina  is  attached.  In  the  Aranea  the  retina  is 
forined  in  two  ways,  the  eyes  directed  anteriorly  differing  in  stinicture 
from  tliose  which  are  turned  upwards.  That  is  to  say,  the  retinal 
cells  of  the  former  surround  a  small  longitudinally  bisected  rod  at 
their  anterior  end  (Epeira). 

§  20G. 


/' 


The  compound  eye  is  characterised  by  the  above-mentioned 
fusion  (§  201)  of  a  number  (7-4)  of  retinal  cells  into  a  structure 
which  Burrounds  the  rhabdom— the  '*  rot  inula"  {Fig.  135,  C  r). 
The  eye  is  made  up  of  these  retinulti),  each  of  which  is  enveloped 
in  pigment*  The  niultifid  crystalline  cone  lies  in  front  of  the 
retiuuht.  Two  of  these  structures  are  representeti  in  Fig*  C.  The 
crystnlline  cones  may  bo  made  out  in  front  of  the  retinula?,  and  be- 
himl  the  cornea-lenses  (*•),  The  whole  arrangement  is  easy  to  under- 
stand, when  we  derive  it  from  the  simple  eye.  A  reduction  of  the 
retinal  elements  of  the  simple  eye  gives  rise  to  the  retinuhi^  ancl  a 
compound  eye  is  formed  by  the  gradual  concrescence  of  a  nnmber 
of  simple  eyes.  Most  of  the  Crustacea  have  eyes  of  this  kind.  In 
the  Cladocera  the  movable  eye  (Fig.  130,  o*:)  lies  in  a  cavity  roofed 
over  by  the  integument,  In  the  Licniodipoda  also  the  cuticular 
layer  of  the  integument  seems  to  take  no  part  in  forming  the  eye* 

On  the  other  hand  m  the  Pbyl- 
lopoda  wo  meet  with  a  faceting 
of  the  inner  surface  of  the  cuticle 
covering  the  eye,  the  facets  corre- 
sponding to  the  crystalline  cones. 
In  the  Isopoda  the  compound  eye 
still  consists  of  a  number  of  simple 
eyes,  distinctly  separated  from  one 
another.  When  a  number  of  these 
structures,  which  form  the  end- 
orgnns  of  an  Coptic  nerve,  are  closely 
connected  together,  a  process^  con- 
vex towards  the  outerface,is  formed, 
the  size  of  which  is  dependent  on 
the  numlier  of  the  '^retinula)^'  (Fig- 
lt35).  The  chitiuous  covering  of  the 
whole  eye  is  either  smooth  on  its 
surface,  and  only  forms  on  its  inner 
face  cuiTCS,  which  correspond  to  each  of  the  crystalline  cones,  or  it 
forms  convexities  for  each  of  the  separate  crystalline  cones,  or  even 


Fig.  135. 
throngb   a 


A  Diagratnmatic  Bectioa 
compound  Artliropod- 
cye.  ft  Optic  nerve*  g  Its  t^mglionio 
swoULrigs.  r  llotiniilsc,  r  Faceted 
cuticular  Inypr,  each  facet  cf  which 
f onii a  a  CO rn ca -lens.  B  A  (cvr  cut ic u la r 
facets,  seen  from  the  sorface*  C  Twa 
iTtiniila?,  ff  with  their  conicn-leuscF,  c* 
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marks  off  each  separate  area  (B).      (Faceted  eye  of  tbe  higher 
Crustacea  and  of  the  Iiisecta.) 

The  number  of  the  elements  which  make  up  one  of  these  eyes,  as 
well  as  their  size,  and  the  form  taken  by  the  several  parts,  may 
undergo  various  modifications.  The  crystalline  cones  are  generally 
present  in  this  kind  of  eye  in  the  Crustacea,  but  in  many  Insecta 
the  cells  (crystalUne  cells),  which  in  other  eyes  are  differentiated 
into  crystalline  cones,  persist  without  forming  crystalline  cones. 
Lastly,  in  many,  the  primitive  condition  of  the  retinula,  in  which  the 
separate  cells,  each  with  its  rod,  may  still  be  made  out,  persists 
(Tipulidao).  The  projecting  character  of  the  eye,  owing  to  its  curva- 
ture, may  lead  to  a  stage  in  which  the  eye  is  stalked.*  When  still 
more  developed  this  stalk  may  bo  movable  (Podophthalmata). 

Grenachkr,  U.,  Untersuohungen  iiber  das  Arthropodcnauge.     Boilagehcft  zu 
don  klin.  Mouatsbl.  fur  Angenheilkondo.  XV.  Jahrgong. 


Alimentary  Canal. 

§  207. 

The  enteric  canal  of  the  Arthropoda  is  differentiated  in  much  the 
same  way  as  in  Vermes.  The  endoderm  encloses  what  yolk-material 
is  not  used  up  in  the  early  stages  of  differentiation,  and  this  is 
absorbed  during  the  gradual  processes  of  further  development.  The 
mouth  and  anus,  and  the  connected  parts  of  the  enteron,  are  not 
developed  according  to  any  general  rule.  When  the  enteric  walls 
are  completely  differentiated  the  nutrient  canal  forms  a  tube,  which 
traverses  the  whole  length  of  the  coelom,  and  is  but  seldom  adapted 
to  the  metameres  of  the  body  ;  it  begins  by  a  mouth,  which  is  placed 
on  the  ventral  surface,  and  extends  to  an  anus,  which,  as  a  rule,  is 
placed  in  the  last  metamere.  The  external  chitinous  covering  of  the 
body  extends  into  the  fore-  and  hind-gut ;  in  the  mid-gut,  which  is 
formed  from  the  endoderm,  it  is  replaced  by  a  soft  cuticle.  The 
appendages  (§  189),  converted  into  masticatory  and  other  organs,  are 
grouped  round  the  mouth,  and  a  process,  which  is  formed  from  the 
integument,  joins  them  as  an  upper  lip. 

§  208. 

The  enteric  canal  of  the  Crustacea  is  distinguished  by  the 
straightness  of  its  course,  and  the  slight  extent  to  which  its  divisions 
are  complicated.  The  mouth,  which  is  ventral,  is  often  placed  some 
way  back,  so  that  the  fore-gut,  which  arises  from  it,  runs  forward 
at  first,  and  then  turns  backwards  at  a  sharp  angle.  The  terminal 
portion  of  the  ordinarily  narrow  fore-gut  is  known  as  the  pharynx 
or  oesophagus ;  it  is  generally  widened  and  distinctly  marked  off 
from  the  succeeding  raid-gut;  in  many  forms  a  wedge-like  process 
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of  this  pharynx  projects  into  the  mid-gut,  Tho  walls  of  thly  portion 
arC;  ag  a  rulo,  stronger^  and  its  inner  surface  is  ofton  distiuguished 
by  the  possession  of  a  firm  chitiuous  framework^  which  is  pro- 
vided with  tooth-like  processes  tnnied  towards  one  another,  and 
moved  by  muscles;  these  rklgDJ?,  spicules,  or  Betfe,  are  derived 
from  the  chitinous  membnmej  which  invests  this  portion.  They 
fonn  an  apparatus  wliieh  serves  for  the  comminution  of  tho 
ingesta  ;  and  hence  this  portion  is  known  as  tho  masticatory 
s  tomuch.  As  a  rule  it  is  of  considerable  size,  and  is  regular  in  form, 
owing  to  its  firm  framework.  Ifc  is  most  largely  developed  in  the 
Decapoda  (Fig,  14:5,  v)*  In  the  Entomostraea  it  is  small,  or  not 
developed  at  all,  ivhile  in  tho  Isopoda  among  the  Arthrostraca  tho 
snudl  masticatory  stomach  is  provided  with  a  fairly  complex  fraradi 
work^  of  which  there  are  indications  also  in  the  Amphipoda 
(Gam  mams). 

The  mid-gut  (Pig.  136  t)  forms  by  fjir  tho  longest  portion  of  tho 


FiJ^^  13 fi.     Oifratiimution  of  a  Daphnia*     «  Tactile  nut eimtp.     j?^  Cerebrum,     or  Eyo 

i  Euteric   eaniil  (mid*gut).      ^i  Ciecal  tabes  at  ita  commCQCOment.     <}  Shell  glainL 

c  Hcftrt.     I  Lifcbrum.     oi'  Ovary*     o  An  Egg  m  tho  brood -space  {o)  formed  betiveen 

tlic  body  and  the  mantle  (after  Leytlig). 


enteric  tnhe,  and  Tories  greatly  in  width,  and  in  tlie  formation  of 
cii3cal  diverticnln.  In  many  cases  it  has  the  samo  calibre  all  ahmg; 
in  others  it  is  widened  somewhat  anteriorly^  or  mesially  ("Cliyle- 
stomach'^);  or  the  widened  portion  extends  over  the  whole  of  the 
mid-giit  ("Chyle-intestine^^  of  the  Isopoda). 

There  are  cfecal  diverticnln  at  the  commencement  of  the  mid- 
gntj  in  all  ordei^  of  the  Crnstncoa.  They  ari.sc  as  paired^  and 
seldom  as  unpairetl,  cieca.  In  tho  Co])epo<la  they  are  fonnd 
only  in  a  few  genera;  in  the  Branehiopoda  they  are  more  common, 
and  furra  eitlier  a  single  pair  of  short  ciecal  tnbes  (Fig.  136,  h) 
(Daphuida),  or  are  more  richly  bi^anehed  (Argnlus,  Hedessa),  or 
arise  from  the  enteron  in  greater  nnmhers,  and  are  differentiated 
at  their  ends  into  glandular  organs  (Apus).  We  find  that  the  same 
phtenomenon  of  metamorphosis  of  the  enteric  ca^ca  into  secreting 
organs  obtains  in  the  Malacostracaj  and  at  exactly  the  same  spot. 
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They  become  organs  whlcli  will  be   considered 
to  speak  of  tlie  appendages  of  the  mid- 
gut. 

The  hiud-giit  forms  the  shortest,  and 
generally  a  narrower  portion  of  the  enteric 
tract.  It  is  seldom  widened  mesially,  and 
in  a  few  only  is  it  provided  with  csBcal 
appendages. 

The  function  of  the  enteric  canal  is  not, 
in  all  Crustacea,  limit<3d  to  digestion.  In 
some  (Astacus,  Limnadia,  Daphnia)  an 
almost  rhythmical  taking- in  and  driving- 
out  of  water  may  be  observed  in  the  hind- 
gut,  so  that  this  portion  appears  to  have  a 
respiratory  function  also. 

In  many  lower  Crustacea  the  enteric 
canal  undergoes  degeneration.  It  disap- 
pears in  the  degenerate  males  of  the  para- 
sitic Copepoda,  and  in  some  Cirripedia 
and  most  Rhizocephala,  where  nutrition  is 
effected  by  other  means  (cf.  suprd,  p.  236). 


when  we  come 


§  209. 


Fig.  137.  Digostiro  organs 
ofaSpidcr.  oe GOsophagns. 
c  Sapraoosophogcal  ganglion 
(Cerebrum).  v  Stomac)i. 
v'  Its  lateral  procossoa. 
v''  Appendages  directed  up- 
wards, i  Mid-gut.  r  Cloacal 
widened  end  of  the  enteron. 
hh  Openings  from  the  liver 
into  the  enteron.  e  Urinary 
canals  (after  Dagt'^n). 


divided 


into  a  larger 
The  narrow 


The  three  divisions  of  the  enteric  tube 
are  distinctly  marked  off  in  the  Protra- 
cheata ;  the  mid-gut,  which  is  distinguished 
by  its  width,  forms  the  largest  part  of  it. 

The  eriteric  tube  of  the  Arachnida  is 
number  of  segments,  except  in  the  degenerate  forms 
fore-gut  (Fig.  137,  oe)  leads  into  a 
mid-gut,  which  is  generally  elongated, 
and  has  its  more  anterior  portion  (v) 
frayed  out  into  lateral  coocal  sacs. 
These  are  absent  in  the  Phrynida 
and  Scorpionea.  In  the  Araiiea  there 
are  five  pairs  of  them  {v'),  which 
extend  to  the  base  of  the  logs  and 
palps.  In  the  Galoodea  four  pairs, 
the  last  two  of  which  are  bifurcated, 
extend  into  the  appendages  (feet, 
claws,  and  palps);  in  the  Pycnogo- 
nida  these  cteca  extend  almost  to  the 
end  of  the  appendages  (Fig.  138,  h). 
The  presence  of  these  parts  greatly 
increases  the  internal  cavity  of  the 
stomach. 

In  the  Acarina  these  caecal  sacs  are  confined  to  the  body ;  there 
are  generally  eight  of  them,  but  any  diminution  in   number  is 


Fig.    138.      Digestive    organs    of 

Ammothou       pyonogonoides. 

a  Stomach,    h  CoMsa  (after  Quatre- 

fages). 
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canipeusateil  fur  bj  tlio  branching  of  the  creca.     The  Opilionida  are  i 
provided  with  a  much  greater  number  (about  tbirty),  and  a  median 
pair  is  proriclod  with  secondary  appendages. 

The  portion  of  the  mid-gut  behind  the  stomach  varies  iu  length  ; 
when  it  is  long  it  is  widcued  out  towards  its  cnd^  and  is  separated 


M 
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Fig.  1 10.    Papa  tjf  tbo  eauio 
Insect. 

Fig.  IV\.  Ita  imogo.  i  Hend.  2,^,  %  Thoracic  Begmentn. 
5-13  AbilDiiiiual  Begmetits.  V  Fore-gut.  M  Mid-gut. 
/;  Hi  ml -gilt,  r/ii  Cerebrftl  ganglion,  iii  Sub-ccBophageal 
r'anglion,  ii  Ventral  gangHon.  vm-  Jtalpigbiaii  veaael«. 
(J  Heart.     <i  Gonorativc  organs  (ftfier  Newport). 


off  from  the  hind-gut  bj  a  constriction ;  this 
hitter  is  almost  always  widened,  it  is  pretty 
longio  the  Scorpionea,  but  shorter  in  Galeodes, 
where  it  has  a  caecal  sac,  In  the  Anmoa  also, 
and  iu  the  Acarina,  the  hind-gut  (Fig.  137^  r) 
is  of  a  considerable  width. 

§  210. 

Tlie  Myriapoda  and  Insecta  agree  in  the 
mode  of  arrangement  of  the  chief  tracts  of 
their  digestive  system  ;  which  at  the  Huine  time  closely  resembles 
what  obtains  in  Peripatus,  Of  the  tbree  divisions  oi  the  digestive 
tube  the  fore -gut  only  prepares  the  food,  and  the  inid-gut  has  the 
principal  share  in  digesting  it.     As   a    rule   it  forn^^  t\vc  longest 


//— f 


Fig.    lay.     Larvn  of    a 

Lcpidopterons  Ineect 

(Bpkinx    Itgnstri) ;  seen 

froTD  the  sitle. 


ALnrENJARY  CANAL  OF  ARTHROPODA. 


271 


portion,  and  at  the  samo  time  undergoes  the  largest  amount  of 
differentiation. 

When  most  simple  the  enteric  tube  traverses  the  coelom  in  a 
straight  line;  in  this  point  the  ^Ijriapdda  resomblo  the  lower  stages 
of  the  Insecta.  In  the  Myriapoda  the  hind-gut  h  seldom  verj  long ; 
wlien  it  is,  it  is  looped.  A  portion  of  the  mid-gut  still  more  rarely 
takeis  part  in  fonning  this  loop  (Glomeris)» 

The  simple  character  found  in  most  larvjB  does  nut  persist  in 
most  divLsioiis  of  the  Insecta;  in  !nost  the  separate  portions  got  to 
vary  greatly  in  character,  and  these  changes  are,  as  a  ride,  correlated 
with  the  appearance  of  the  imago -stage.  They  are  really  due  to  the 
great  differences  in  the  relations  of  the  animal  to  external  conditions, 
which  now  commences. 

The  mode  of  life  seems  to  be  of  the  greate^st  influence  on  the 
general  configuration  uf  the  alimentary  canal,  and  there  is  often  a 
greater  length  of  tube  in  the  phytophagous  insects- — as,  indeed, 
frequently  happens  elsewhere  in  the  Arn'mal  Kingdom  —  than  in 
those  which  live  on  animal  matters.  The  character  of  the  food  is 
also  another  cause  which  comes  into  consideration ;  we  tind,  that 
is,  simpler  characters  in  the  intestines  of  those  insects  which  live  on 
Huids,  while  there  is  gi^eater  compliciition  of  structure  in  those 
wdiicli  subsist  on  solid  food. 

Those  characters  are  seen  most  strikingly  on  comparing  the 
digestive  tube  of  an  insect  larva  with  that  of  a  developed  insect; 
we  seej  for  example,  a  caterpillar  {Fig.  I*i9)  pro\^ded  with  a  wide 
tube  running  straight  through  the  body.  This  arrangement  is 
adapted  to  the  enormous  amount  of  food  winch  is  taken  every 
day  ;  while  the  butterfly,  which  takes  in  only  a  little  food,  and 
that  fluid,  has  a  canal  which  is  longer  indeed,  but  much  more 
delicate  {Fig.  Ml). 

Further,  the  diiference  between  the  enteric  canal  of  the  perfect 
insect  and  that  of  its  larva  dope uds  on  a  change  in  the  rehiticms  of  the 
various  divisions  of  it ;  while,  in  the  larval  stage,  the  mid-gut  h 
ordinarily  the  largest  portion,  it  becomes  gradoally  shorter,  and  the 
hind-gut  is  proportionately  increased  in  length.  Thus  the  enteric 
tube  ceases  to  be  a  straight  one.  The  increase  in  length  of  the 
sepamte  portions  produces  curvatures  of  the  tube,  which  is  now 
longer  than  the  whole  body -cavity,  and  these  may  lead  to  the 
ffunuation  of  various  coils  in  it.  These  affect  the  mid-  and  hiud- 
guts,  while  the  fore-gut  most  completely  retains  its  primitive  course 
(cf.  Figs.  139-141). 

Fresh  differentiations  in  the  various  purtions  are  connected  with 
these,  so  that  the  boundaries  between  them  often  disappear.  The 
raid-  is  distinguished  from  the  fore-gut  by  its  glandular  character, 
and  where  the  latter  has  appendages,  or  diverticula,  they  serve  for 
the  I'eception  and  the  further  comminution  of  the  food ;  in  the  latter 
ease  they  have  the  characters  of  a  gizzard.  Finally,  the  hind-gut  is 
chameterised  by  the  Malpighian  vessels  which  open  int<t  it. 

Pi,ATEAt%  F.,  Rech.  Bur  la  phenorn.  do  1&  dig*?aL  ot  Bur  la  atmcture  tie  Tappareil 
digest,  chez  les  Myi'iapcKles.     Mem.  Acad.  Belg.  XLII* 
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The  gut  in  tho  Thjsauiira,  and  in  ranst  Pj^oudoiionroptera  and 
Nenroptera,  is  most  simple  in  duiractcr,  and  least  differont  from 
tliut  of  the  larval  form  ;  sorno  of  tliese  (Panorpa)  have  an  enlarge- 
ment at  the  end  of  tlie  foro-gut ;  thi?5  is  the  masticatory 
stomach.  The  Oithoptora  are  distinguished  by  tho  possession  of 
a  stomach  of  this  kind  (Fig.  142,  A  v),  %vhich'has  long  rows  of 
chitinons  plates  on  its  inner  surface.  It  is  also  foniid  in  tho 
Coleoptora  (Carabida?,  Cicindehe,  DjrtiscidsL^  etc.),  where  it  carries 
setae  and  ridge-like  projections.  Many  Hymenoptera  (Formica, 
Cyiiips)  also  possess  it^  as  do  the  larvae  of  the'Diptera. 

Another  differentiation  seen  in 
thefore-gnt  of  many  insects  (Hemip- 
tera)|  which  is  always  short,  is  an 
enlargement  which  may  he  present 
all  ronnd,  or  on  one  side  only.  When 
it  surrounds  the  oesophagus  it  serves 
as  a  crop  (ingluvies)  (n);  this  is  the 
case  in  many  Coleoptera  and  in  tho 
Orthoptera.  This  dilatation  of  the 
fore-gut  is  found  in  the  Hymenop- 
tera {Wasps  and  Ik^os),  bnt  in  them 
it  functions  as  a  sucking  organ,  and 
leads  towards  the  formation  of  the 
Sucking  stomach,  which  is  found 
in  other  insects.  It  also  forms  a 
vesicular  thin -walled  appendage, 
which  is  attached  on  the  course  of, 
or  to  the  end  of  the  fore-gut;  in 
tho  Lepidoptei-a  this  opens  directly 
(Fig.  14!,  F ),  and  in  tho  Diptcra 
by  menus  of  a  stalk  of  varying 
length  (Fig.  142,  13,  v  s).  In  the 
Hymenoptera  also  an  independent  and  stalked  sucking  stomach  is 
fonned  (Crabro).  In  the  Hemiptera  it  appears  to  he  replaced  by 
an  enlargement  of  the  fore-gntj  which  is  frequently  mnlti-^accnlato 
(Bugs). 

The  mid -gut  ("  chyle -stoma  cli '■)  is  no  less  varied  in  character. 
In  many  Coleoptei'a  it  is  provided  with  short  tubes,  cither  along  its 
whole  length  or  in  separate  segments  ;  these  are  known  as  "  glatids/' 
At  its  commencement  we  sometimes,  and  especially  in  the  Orthoptera, 
find  ca^cal  prolongations;  as  we  do  also  in  some  families  of  the 
Diptera.  In  the  latter  it  is  ordinarily  disposed  in  cods  (Fig.  142,  B  v)^ 
in  correspondence  with  its  great  length.  The  same  occurs  also  in 
the  long  mid-gut  of  some  Coleoptera  (e.g.  Mclolontha),  of  Bees  and 
Wasps,  and  of  many  Hemiptera ;  in  these  forms  further  divisions 
are  diiferentiated  in  it. 


Fig.  142.  A  Digest  ivo  canal  of  the 
KickLcrickct.  B  Of  a  F!y.  oe  (Eso. 
phiigus.  i  lis  croit-Uko  eiilargeiiicut. 
vStonmch.  r  Its  apj>cndage8.  rHind- 
^it.    vm  Malpighian  canals. 
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In  ^Qino  cases  tlio  mid-gut  ends  bliiidlj  and  Las  no  connection 
witli  a  liiod-gut.  This  Iiappens  in  tlio  larva  of  Bees  and  Wasps^  of 
the  Icluieamonida,  and  of  many  Diptern-,  etc. 

The  liiiid-gut  in  tho  Insecta  generally  forms  the  shortest  portion 
of  the  straight  alimentary  canaL  It  is  often  divided  into  two  por- 
tionSj  tlio  second  of  wliicli  is  widened  out  (''rectiim^^)  (Fig.I42j  J  B  r). 
In  tho  Colcoptera  (as  in  Dytiscus)  its  narrower  and  anterior  por* 
tion  appears  to  bo  of  considonible  length,  as  in  many  Ortboptera, 
where  a  larger  number  of  divisions,  varying  in  widths  can  be  made 
nut;  it  is  longest  in  the  CicadLO  :  in  all  of  these  forni.s  it  is  disposed 
in  coils.  As  in  many  tlie  Mulpigbian  ves sols j  which  belong  to  tho 
hind- gut,  open  very  far  forwards,  it  appears  as  if  part  of  the  h\8t 
division  of  the  hind-gut  had  passed  into  the  mid-gut,  although, 
indeed,  this  rather  seems  to  indicate  that  tho  mid-gut  has  been 
reduced  in  length. 

The  widened  terminal  portion  of  this  part  of  tho  enteric  canal  is 
distiuguinhed  in  a  large  uumbLr  of  Insects  by  papilbform  rjdges, 
which  projet'fc  into  it :  in  these  we  find  many  tracheal  branches.  This 
portion  in  many  aquatic  larvae  of  the  Libellulidi^  has  numeroua 
iuniellEB  arranged  in  longitudinal  series,  and  provided  with  closely- 
packed  tracheal  ramifieations.  The  lam  el  lie  act  as  organs  of  respira- 
tion during  the  in-and-out  flow  of  water,  which  is  caused  by  tho 
opening  and  closing  of  the  anus  (cf.  Fig.  150,  B  C).  There  are 
many  intermediate  forms  between  these  tracheal  gills,  and  tho 
papilliform  processes  of  the  hind-gut  (in  the  larvae  of  the  Phry- 
ganeidte),  so  that  these  organs  can  be  seen  to  be  homologous. 


Platbau,  F.,  Ec^h.  snr  le*  Ph^I!om^lles  do  la  digest,  cliez  lea  losoctes. 
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Organs  appended  to  the  Digestive  Canal. 


1}  Appendages  of  the  Fore-Gut, 

§  212. 

Glandular  organs  aro  diffei*entiated  in  the  varions  portions  of 
the  alimentary  canal  of  tho  Arthropoda.  The  salivary  glands, 
which  open  into  the  fore-gut^  are  but  slightly  developed  in  the 
Crustacea.  Groups  of  unicellular  glands  have  been  made  out  in 
some  div^isions.  On  the  other  hand,  wo  find  them  more  widely 
distributed  in  the  Tracheata,  where  they  may  have  various  functions ; 
but  as  yet  we  have  but  ver^^  little  exact  information  as  to  how  they 
open*  The  great  point  which  is  undetermined  is,  how  far  they  open 
into  the  mouth  itself,  or  are  connected  with  the  fore-gut.  But  the 
glands  which  open  into  tho  gnatliites  of  Peripatus  (§  193}  must  be 
mentioned  hero.     Among  the  Arnchnida,  the  Scorpions  have  two 
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pairs  of  lobed  glands ;  in  tlie  Galeodea  they  are  partly  represented 
by  coiled  tubes,  and  in  tlio  Araiiea,  likewise^  these  organs  do  not 
appear  to  be  wanting.  The  suHvary  glands  are  higlilj  developed  in 
Mites,  wliere  tliero  are  several  pairs  ul  theiii,  which  vary  in  struoture ; 
the  soeretion  of  them  is  probably  partly  used  as  poison. 

In  the  Myriapuda,  tliero  are  simple  tubular  (Julus),  or  lobed 
(Lithobius),  or  even  raccinosc  glaudi  (Scolopeudra),  which  are 
probably  salivary, 

la  t!io  lusecta  the  waliuiry  glauds  are  very  variously  developed 
as  to  number,  form,  and  histological  structure.  It  ir  therefore 
certain  that  they  also  vary  greatly  in  f  unci  ion.  It  is  in  a  few  only, 
as  the  Epheraerida,  Libeliulida,  and  Aphides,  that  tliey  appear  to  be 
completely  wanting,  or  only  feebly  developed,  as  in  the  Myrmeleouida 
and  Sialida,  In  others,  they  are  long  coiled  tubes,  or  lobcd  or 
greatly-branched  organs,  which  frequently  accompany  the  enteric 
canal  for  a  certain  distance.  There  are  often  two,  and  not  un- 
frequently  three  pairs  of  them^  which  vary  greatly  in  structure.  As 
to  their  external  form  and  their  distribution  in  the  diiferent  groups 
of  the  Inaecta — thoy  have  the  form  of  a  pair  of  long  tubes  in  tiio 
Coleoptera,  Diptera,  and  Lepidoptera;  in  the  order  of  the  Hemiptei-a 
and  Orthoptora  bniuched,  racemose^  or  lobed  forms  predominate, 
as  also  in  many  Coleoptera, 


2)  Appendages  of  the  Mid-gut. 

§  213. 

Another  group  of  glandular  organs  is  ilifforentiated  from  the  mid- 
gut. They  are  regarded  as  a  liver.  According  to  their  puints  of 
connection  with  the  enteron,  two  different  organs  must  be  here  dis- 
tinguished from  one  another.  One  of  them  is  connected  with  the 
most  anterior  portion,  and  has  the  form  of  simple  or  branched  tubes, 
which,  when  more  largely  developed,  form  a  compound  glandular 
appai-atua  {cf ,  §  208) ,  The  ends  of  these  tubes  seem  to  be  secretory 
organa,  but  their  ducts,  owing  to  their  wide  lumen,  form  cavities  of 
the  enteron.  The  organ  is,  thei'efore,  not  yet  completely  differenti- 
ated from  the  enteron.  This  arrangement  is  seen  in  the  Branchio- 
poda,  and,  among  thenij  most  markedly  in  the  Phyllopoda ;  some 
have  a  simple  or  branched  csecal  tube  on  either  side  (Fig.  13t},  h) ;  in 
others  it  is  converted  into  a  liver  (Limnadia,  Apus),  the  greater  part 
of  which  is  placed  in  the  cephalic  sliield.  The  Cirripedia  have  similar 
organs.  In  the  Arthrostraca  these  ca3cal  tubes  (Fig.  1 13,  ^1  h)  are 
long  organs,  which  pass  backwards  and  vary  in  number.  They  are 
not  branched,  but  this  is  compensated  for  by  their  increased  length. 
They  have  the  same  form  in  tho  Schizopoda^  but  in  most  of  the 
Thoracostraca,  as  in  all  the  Decapoda,  they  ai-e  formed  by  a  paired 
mass  of  glandular  matter,  which  iills  up  the  cephalothorax  and  is 
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FiV'  H^*     Kntoric  ctitial  and  liver  of  Crustacea, 

A  Of  Out 8C us.     li  Of  a  Iftrval  Palinuruu  (Phy!. 

losoma).    t' Masticatory  stomach,  i  Chyle- stomarh. 

«  AutitiBr     h  llcimtio  tubes. 


grouped  in  tufts,  Inasraucli  as  iu  the  larvee  of  the  Decapoila  they 
are  mere  diverticuhi  of  the  wall  of  the  euterou^  it  is  clear  that 
thoj  are  only  more  de- 
veloped stages  of  tliose 
simpler  tubes,  which  are 
found  ia  many  Eat omos- 
traca. 

A  second  form  of  this 
hepatic  organ  is  distin- 
gaishcd  from  the  former 
by  the  larger  number  of 
its  separate  glands,  and 
by  the  more  backward 
position  of  its  opening 
into  the  mid-gut*  Indi- 
cations of  this  nvQ  oven 
found  in  the  Copepoda 
in  tho  form  of  seven^l 
Biicceeding  diverticula  of 
tho  mid-gut.  They  are 
more  developed  in  some 
Isopoda  (Bopyruts)!  where 

they  beset  the  whole  of  the  mid-gut  in  the  form  of  paii*od  and 
branched  tufts  of  gland^s.  In  the  Stomapoda  also  wo  find  a  larger 
number  {10  pairs)  of  lobate  tufts  of  glands  placed  all  along  tho 
mid-gut. 

The  two  forms  caunot  be  directly  derived  from  one  another,  for 
those  parts  which  carry  glands  in  tho  former  groups  do  not 
do  so  in  the  others.  It  is  possible  that  both  kinda  of  organs  were 
united  in  a  common  steoi-form.  If  so,  wo  can  imagine  the  whole 
mid-gut  besot  with  ceeca^  from  which  two  sets  of  glands  wero  de- 
veloped ;  in  one  the  most  anterior  pair  were  developed,  and  in  the 
other  f^uppressed,  wliilst  the  hinder  pair  was  more  or  less  largely 
developed.  These  hinder  glandi^  distinguish  the  mid-gut  of  the 
Poecilopoda,  where  they  have  the  form  of  two  paira  of  branched 
tufts. 

Among  the  Tracheata  wo  find  similar  differentiations  of  the  wall 
of  the  enteron  in  the  Arachuida  ;  in  which  division  we  must  regard 
them  us  acquired  organs  only.  The  anterior  pair  are  not,  however, 
always  developed  into  glandular  organs^  but  persist  as  more  or  less 
wide  pouches  or  tubes  ;  these  have  been  already  fully  described  as 
storaaclial  cieca  (§  200).  In  the  Opilioinda  they  are  exclusively 
glandular  in  character.  In  the  iScorpionea  and  Aranea  separate  tufta 
of  glands  open  into  the  hinder  portion  of  the  mid-gut.  iTie  Aranea 
Lave  two  or  three  (Fig.  137,  h),  the  Seorpionea  five  pairs. 

These  appendages  are  not  found  in  the  Myriapoda  or  Insecta, 
and  the  absence  of  diverticula  fi*om  this  portion  of  the  enteron  during 
development  shows  tliat  nuj  diverticula,  which  appear  iu  it,  have 
merely  a  secondary  significance. 
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3}  Appendages  of   the  Hind-gut. 
§  2U. 

The  glands  differentiated  off  with  the  hind-gut,  which  is  itself 
generally  short,  do  not  secrete  anything^  which  13  of  importance  in 
digestion  or  absorption.  Their  secretions  are  rather  of  the  excretory 
series*  And  as  we  have  chemical  evidence  to  show  that  these  matters 
resemble  the  urinary  excretions  of  the  Vertebrataj  we  may  regard 
these  bodies  as  being  excretory  organs,  withont  thereby  pre- 
judicing any  relations,  which  they  may  have,  in  some  cases,  to  other 
functions. 

In  the  Crustacea  we  sometimes  meet  with  ca?cal  organs  on  the 
hind-gut,  as  for  example  in  the  larva?  of  the  Copepoda,  but  we 
cannot  safety  form  any  opinion  as  to  their  significance.  It  is  pro- 
bable that  the  concretions  found  in  the  walls  of  their  entera  are  of 
an  excretory  character. 

Excretory  glandular  organs  are  very  generally  found  in  the 
Tracheata;  they  arise  as  diverticula  of  the  enteron,  and  have  tho 
form  of  long  canals,  which  may  be  simple  or  brancliedj  and  which 
are  often  arranged  in  several  coils  or  loops  on  the  enteric  canal;  they 
open  into  the  terminal  ^videned  portion  oE  the  enteric  canalj  and 
almost  always  behind  the  mid-gut.  They  are  known  as  Malpi- 
g  !i  i  a  n  vessels,  or,  from  thei r  function,  as  u  r  i  n  a  ry  c  a  n  a  1  s.  As  they 
are  formed  at  the  same  time  as  that  portion  of  the  hind-gut,  which 
in  the  embryo  is  developed  fi*om  tho  ectoderm,  it  is  not  improbable 
that  they  primitively  opened  on  to  the  surface  of  the  body,  or  were 
derived  from  organs  which  did  so.  In  all  divisions  there  are  two 
chief  canals,  as  is  often  seen  at  the  poiut  where  a  hirge  number  of 
canals  open  and  unite ;  this  number  may  therefore  be  regarded  as  a 
primitive  character. 

Among  the  Arachnida  they  are,  in  the  Scorpionea,  simple  canals, 
which  run  between  the  lobes  of  the  liver  j  one  pair  of  them  is 
branched.  The  urinary  canals  of  the  Aranca  are  much  branched, 
and  united  iuto  a  plexus  ;  they  unite  into  two  common  excretory 
ducts  (Fig.  137,  e),  by  which  they  open  into  the  wide  hind-gut,  or  its 
eoeeal  sac.  In  the  Opilionida  they  form  two  long  highly-coiled 
canals ;  in  tho  Acarina,  wdiere  they  are  sometimes  provided  with 
bitinches,  they  are  of  a  similar  form. 

An  equally  small  number  of  simple  urinary  vessels  is  found  in 
the  Myriapoda;  the  Julida  have  one  and  tlie  Scolopeudrida  two 
pairs.  They  are  allied,  not  only  by  their  nuinbi^r  and  simplicity  of 
Btracture,  but  also  by  their  arrangement  on  the  alimentary  canal,  to 
the  corresponding  organs  of  many  Insect  larvie. 

The  greatest  variation  in  number,  arrangement,  and  special 
structure  obtains  iu  the  urinary  vessels  of  the  Insecta.  They  are 
wanting  in  the  Collembola,  among  the  Aptera,  and  in  many  Thysanura 
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(Campudea),  but  four  aro  present,  in  Lepisma.  Tho  function  of  tlio 
urinary  canala  is  notably  increased  in  the  Insccta,  which  have  a 
perfect  nietamorphosi.s,  during  their  larval  stage,  as  is  shown  not 
only  by  the  great  development  of  these  organs  (Fig.  130,  vm)j  but 
also  by  the  quantity  of  urine  which  is  collected  in  the  hind-gut 
during  their  pupal  stage.  This  phtenomenon  corresponds  exactly 
to  that  period  in  which  the  most  intense  plastic  activity  is  going  on 
in  the  organism,  in  connection  %vith  the 
development  of  the  perfect,  body.  It  is 
clear  that  the  function  of  the  Malpighmn 
canals  of  the  Insecta  is  not  to  be  found 
exclusively  in  the  excretion  of  urine ;  but 
that  an  older  hypothesis,  according  to  which 
they  were  regarded  as  organs  for  the  excre- 
tion of  bile  also,  is  not  altogether  without 
justification,  is  seen  from  the  fact  that  por- 
tions of  this  canal  have  a  different  struc- 
ture, while  the  secretion  in  these  portions  is 
different  also. 

The  brownish-yellow,  or  light-yellow 
coloration  of  the  urinary  canals  is  due  to 
the  substances  deposited  in  the  cells  of  the 
canal -wall,  and  is  more  intense  when  secre- 
tion ia  more  active.  Most  of  the  Diptera 
(Fig.  Ii2,  B  vm)  and  Hemiptera  have  two 
urinary  canals,  which  nre  connected  with 
one  another^  there  are  six  canals  in  the 
Lepidoptera,  in  many  Nocturnal  flie^,  and 
in  several  Pseudonenroptera  (Termites) ; 
there  aro  four  to  six  in  the  Col  copter  a; 
the  Hyinenoptera  are  distinguished  l)y  a  largo  number  of  short 
urinary  canals,  and  indeed  hundreds  have  been  found  in  them,  and 
in  many  Orthoptera  (Fig,  142^  A  vat).  As  a  rule  they  aro  seldom 
branched ;  but  we  often  meet  with  loop -like  connections  between 
their  ends.  They  open  at  apparently  very  different  points,  accord- 
ing to  the  length  of  the  hind-gut.  They  open  veiy  far  forwards  in 
the  Cicadie,  Diptera^  and  Lepidoptera.  In  the  Hymenoptera  they 
open  just  behind  the  mid-gut. 

Where  the  canals  unite  to  form  a  common  excretory  duct  there 
13  a  circular  layer  of  muscles  (Gryllotalpu)*  Separate  circular  fibres 
are  very  seldom  found  in  the  secretory  canals  (Brachinus). 


F  i  g^.  1 44.    Por  t  loti  o  f  a  II  a  1  - 

pighian  Tcssel  of  Miiscn 

vn  mi  tori  a*       tr  Tmcbect?. 

I  LyoicTi.     k  Nucleus. 


Ccelom. 

§  215. 

As  the  embryonic  body  is  differentiated^  a  cavity,  the  crclom,  is 
formed  in  the  endoderm  between  the  enteron  and  the  wall  of  the 
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body,  just  as  in  the  higher  Vermes;  it  is  found  in  all  the  Arthro- 
poda.  There  are  no  signs  in  the  Arthropoda  of  the  dissepiments 
found  in  tlie  Annulate  iti  correlation  with  the  metamerism  of  their 
bodies.  This  shows  that  their  i^elationship  to  the  Annnlata  is,  to  say 
the  least,  a  very  distant  one.  In  all  cases  the  ca?lom  forms  a  portion 
of  the  blood-vascular  system,  so  that  the  perienteric  fluid  fouTul  ia 
many  Vermes  as  a  fluid  different  from  tlie  blood  is  represented  in  the 
Arthropoda  by  the  blood  itself. 

In  most  Arthropoda  some  of  the  form -elements  of  the  raesoderraj 
which  are  not  applied  to  tho  ectoderm — to  form  the  wall  of  the 
body — or  to  the  endoderm  to  form  the  wall  of  the  enteron — persist  as 
a  number  of  cells,  which  are  not  apportioned  to  any  dcfinito  or^an. 
These  masses  of  cells  remain  in  various  parts  of  the  cadoTu,  and  aro 
often  found,  jn^st  like  other  connective  substance  in  the  Arthropoda, 
between  the  separate  organs  embedded  in  the  coclom. 

Sometimes  all  of  these  cells  remain  indifferent,  and  form,  by 
nniting  with  one  another,  cords  or  networks.  As  a  nde,  however, 
they  are  differentiated.  Drops  of  fat  are  formed  in  them,  which 
either  fill  up  the  cells  in  a  regular  manner,  or  run  together  into  larger 
drops;  in  consequence  of  this  these  cells  are  comprised  under  tho 
name  of  fat -bo  dies.  This  fat  is  sometimes  variously  coloured 
(yellow  or  red).  Cells  ol  this  kind,  containing  fat-drops,  have  been 
oliserved  in  the  Crustacea,  and  especially  in  tho  Entomostraca, 
where  they  are  sometimes  very  large  in  comparison  with  the  size  of 
the  animaPa  body,  in  which  they  are  distributed  in  a  constant  and 
regidar  manner.  This  justifies  us  in  supposing  that  they  have  some 
hydi'ostatic  significance. 

Deposits  of  this  kind  are  most  largely  developed  in  the  Insecta, 
where  the  fat-body,  especially  in  the  larval  stages,  consists  of 
large  cells,  connected  to  one  another  by  processes,  and  filling  up  a 
large  part  of  the  ccelom.  We  must  not  suppose,  however,  that 
these  cells  contain  nothing  hut  fat,  This  tissue  is  that  in  which  the 
material,  which  is  partly  used  up  in  the  pupa  stage,  is  deposited  ;  in 
consequence  of  this  not  much  of  it  is  found  in  tho  adult  Insect.  The 
cells  varj'  greatly  in  their  mode  of  connection.  This  may  bo  close, 
so  that  the  fat-body  forms  lamellie,  or  connected  lobes,  which  are 
connected  with  branches  of  the  tracheal  system;  or  the  cells  are 
loosely  connected  together.  In  tho  most  extreme  case  the  cells  may 
lie  separately  in  the  creloni,  where  they  must  not  be  confounded 
with  the  much  smaller  and  more  indifferent  blood-cells, 

Tlie  cells  of  tlio  fat-body  in  the  Tracheata  also  serve  for  tho 
deposition  of  excretory  matters,  which  arc  known  to  be  urates. 
These  form  crystalhne  concretions,  or  larger  spheres  of  the  form  of 
Bmall  gTannles,  which  call  to  mind  tho  renal  concretions  of  tho 
MoUusca.  Among  the  Arachnida  they  are  found  in  tho  Mites;  they 
are  found  in  the  Myriapoda  (Julua,  Polydesmus,  Glomeris),  and  are 
very  common  in  the  Insecta.  They  do  not  seem  to  be  altogether 
absent  from  the  Crnstaccaj  for  similar  concretions  have  been  observed 
iu  Aselhis. 
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The  luminous  organs  of  the  Laiirpynclffi  are  special  modi6ca- 
tions  of  the  fat-body.  They  are  formed  of  plates  of  cells,  to  which 
a  large  number  of  tracheal  and  nerve  branches  are  sent.  On  their 
inner  side  they  are  coYered  by  other  cqWs,  which  are  not  luminous, 
but  which  are  loaded  with  a  large  number  of  urinary  concretions. 
The  superficinl  position  of  the  luininons  plates  shows  that  they 
belong  to  the  epidermal  layer  (hypodcrm). 

Tlio  regularity  of  the  coclom,  along  tho  long  axm  of  the  body,  is 
modified  by  the  muscular  system.  Where  this  is  greatly  developed 
(as  in  the  cephnlothorax  of  the  Crustacea  and  Araclinida,  and  in 
the  thoracic  metameres  of  the  Insccta)  only  a  small  space  is  left  for 
tho  ctelom.  The  processes,  too,  of  tho  chitinous  skeleton  are  the 
cause  of  variations  in  it ;  chiefly  by  fonuing  smaller  cavities,  as  they 
especially  do  in  the  Crustacea.  In  the  Insecta  a  sub  neural  cayity  is 
formed  by  muscles,  which  in  some  of  them  arc  inserted  into  the 
chain  of  ventral  gangJia,  In  others  similar  muscles  run  horision tally 
from  one  side  to  the  other  of  the  abdomen,  and  so  likewise  mark  off 
a  portion  of  the  coelom, 


Vascular  System. 
§  216, 

This  system  of  organs,  which  in  the  Vermes  had  become  highly 
tleveloped,  seems  to  be  less  so  in  many  of  the  Ai^thropuda,  chielly 
because  the  coslom  generally  forms  a  portion  of  the  vascular  system. 
There  is,  therefore,  no  difference  between  the  blood  and  a  peri- 
enteric fluid. 

As  a  rule,  a  dors  ally- placed  vascular  trunk  is  alone  de- 
veloped to  any  great  extent ;  this  functions  as  a  heaii,  and  seems  to 
bo  Iiomologous  with  the  dorsal  vascular  trunk  of  the  Vermes,  parts 
of  which  may  also  function  as  hearts.  But  it  seems  to  differ  by  not 
being  connected  with  the  enteron.  The  blood  is  either  driven  to 
the  anterior,  or  to  both  ends  of  the  body,  by  tho  cardiac  tube.  This 
d<irsal  cardiac  tube  of  the  Artliropoda  is  not,  however,  provided 
with  afferent  vessels,  and  tlie  blood  which  passes  into  it  does  so  by 
narrow  venous  ostia;  so  that,  although  a  peripheral  system  of 
vessels  may  in  some  divisions  be  formed  from  continuations  or  rami- 
iications  of  the  arterial  vessels,  or  by  the  differentiation  of  vascular 
canals  from  portions  of  the  coDlom,  yet  close  to  the  heart  a  sinus  is 
formed  from  a  portion  of  this  latter.  Tins  "pericardial  sinus '^ 
appears,  therefore,  to  be  a  portion  of  the  coelom ;  and  tho  slight 
development  of  the  vessels  which  obtains  in  many  Arthropoda  is  not 
to  bo  regarded  as  a  degeneration  from  a  more  perfect  sUige,  but  as 
a  low  stoge,  ivhich  is  correlated  witli  a  less  amount  of  developmenti 
It  is  still  nn  open  question  whet  her ,  and  how^  this  simpler  fonn  of 
the  vascular  system  is  connected  with  the  arrangements  which  are 
found  in  Vermes. 


J 


MO 


COMPARATITE  ATTATOSfY. 


Tlio  localisation  of  the  respiratory  function  leads  to  coniplicatiou 
of  the  vessels  :  even  where  the  vessels  are  not  provided  with  separate 
walls  the  blood  always  Hows  iu  a  definite  and  conBtant  dii*ection. 

The  blood -fluid  of  the  Arthropoda  is,  as  a  rule,  colourless;  in 
a  few  Insects  only  it  has  a  greenish,  or  red  colour,  owing  to  the 
coloration  of  the  plasma.  The  formed  constituents  of  the  blood 
are  indifferent  colourless  celln,  very  variable  in  form  and  size.  They 
are  wanting  in  many  (lower  Cmstacea).  The  blood-cells  of  Insects 
are  often  distinguished  by  the  large  number  of  fine  fat-molecules  in* 
them;  but  these  must  not  bo  confounded  with  the  cells  of  the  fatty 
bodieSj  which  are  often  also  free. 


§  217. 

The  simplest  fonn  of  a  circulatory  apparatus  in  the  Brauchiata 
u  that  of  a  short  tubular  heart  (cf .  Fig.  VSQ,  r,  of  Daphnia)^  which  is 
placed  above  the  enteric  canal  in  the  anterior  part  of  the  body,  takes 
in  the  blood  by  two  lateral  orifices,  and  drives  it  by  a  short  anterior 
vessel  to  the  cephalic  organs^  and  especially  to  the  cerebral  ganglia. 
The  blood  is  distributed  in  regular  currents  throughout  the  body, 
and,  passing  by  the  parts  which  serve  chiefly  as  respiratory  organ s, 
again  reaches  the  heart,  which  it  enters  by  the  slit-like  orifices  in  it< 
This  form  of  circulatory  organ  characterises  the  Copepoda  and 
Cladocera;  but  it  is  also  seen  in  the  larval  stages  of  the  higher 
orders,  and  even  in  the  developmental  .stages  of  the  Decapoda, 
where  it  is  but  slightly  modified.  The  simple  forms  cannot  there- 
fore bo  regarded  as  being  degenerated  fi^om  more  compbcatcd  forms. 
The  circulation  is  purely  lacunar,  and  there  are  no  vessels  of  any 
kind  except  those  added  on  to  an  anterior  artery,  which  is  seldom 
much  branched.  In  many  Copepoda  (Coryca^idfD)^  and  in  tlic 
Cirripedia,  tliere  are  no  circulatory  organs. 

The  heart  of  the  Phyllopoda  is  more  developed.  It  has  the 
form  of  a  longer  tube,  made  up  by  several  such  simple  hearts  as 
those  of  the  Daphnidaj  and  possessing  a  number  of  venous  ostia 
(as  many  as  20  pairs  in  Arteinia).  'Hie  cardiac  tube,  that  is,  is 
divided  into  separate  chambers,  which  do  not,  however,  exactly 
correspond  to  the  metameres,  of  wliich  there  are  more  than  one  to 
each  chamber.  This  scgmeutntion  seems,  therefore^  to  be  an  iiidc- 
peadenfc  one,  and  is,  perhaps,  to  be  regarded  as  a  later  arrangement. 
An  arterial  trunk  is  given  off  from  the  most  anterior  end  only.  This 
passes  the  blood  on  to  the  lacunar  tract  of  the  coelom. 

The  heart  of  the  Arthrostraca  extends  longitudinally  along  a 
large  portion  of  the  body  iu  the  Ainpbipoda  and  Isopoda;  in  the 
former  it  is  placed  in  the  metameres  behind  the  head,  and  in  the 
hitter  some  way  farther  back.  There  may  be  an  anterior  vessel  only, 
or  it  may  give  off  a  posterior  one  also.  The  former  only  is  branched, 
and  the  branches  arc  confined  to  the  cephalic  regirm.  The  number 
of  tho  ostia  varies  greatly  in  thy  Amphipuda  (I'hrouinia  has  3, 
Caprella  5,  Gammarus  7  pairs). 
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The  larvaa  of  tlio  Thoracostmca  liave  a  simple  cardiac  tube  witli 
two  lati3ral  ostia  ou!j,  whicli  so  far  resembles  the  arraBgemeut 
dtiscribed  above.  A  more  complicated  form  is  grailualiy  derived 
from  tliis^  which  is  dev-eloped  along  two  lines.  One  of  these  is  seen 
in  the  Stomapoda,  where  the  heart  is  elongated,  and  an  anterior  and 
a  posterior  arterial  trunk  alone  given  off,  although  the  number  oE 
venous  ostia  is  increased*  As  the  anterior  artery  alone  is  branched, 
and  the  posterior  has  a  widely-open  mouth,  the  arrangement  which 
obtains  in  the  Arthrostraca  is  again  repeated  in  these  forms.  Later 
on,  not  only  do  the  anterior  and  posterior  arteries  form  a  larger 
number  of  brancheSj  but  a  larger  number  of  lateral  arterial  trunks 
are  given  off  from  the  heart  itselL 

The  second  tj^pe  is  seen  in  the  Schizopoda  and  Decapoda, 
AJthough  the  heart  is  provided  with  several  pair  of  ostia  it  is  more 
concentrated  in  form,  and  the  lumen  can  no  longer  bo  seen  to  be 
divided  into  successive  chambers.  The  primitive  segmentation 
has  given  way  to  a  more  compact  arrangement.  This  cha- 
racter is  seen  even  in  the  an-angement  of  its  several  clef tSj  for  they  do 
not  now  follow  by  regular  pairs,  but  are  grouped  in  a  different  manner. 
The  heart  of  the  larvtB^  however,  arises  as  a  thin-walled  tube  with 
only  one  pair  of  clefts,  and  is  continued  forwards  and  backwards  into 
a  simple  vascular  trunk.  The  anterior  one  divides  into  tlnvo 
branches,  which  arise  directly  from  the  heart  when  the  trunk 
shortens;  the  posterior  trunk  remains  single.  The  heart  is  elon- 
gated for  a  time  only,  or  passes  at  once  into  a  more  compact  forui. 
In  both  the  Schizopoda  and  Decapoda  it  is  phiccd  in  the  postcriur 
portion  of  the  cephalo thorax. 

New  portions  are  formed  in  the  arteriul  system,  while  the  whole 
venous  portion  is  represented  by  lacuna^.  The  vascular  system  of 
the  Schizopoda  (Mysis)  remains  at  this  stage;  the  Decapoda  pass 
through  the  different  Schizopod- stages  during  their  development. 
In  the  mature  forms  of  the  Jlacrourous  Decapoda  we  fuid  the  mns- 
enlar  cardiac  tube  (Fig.  145,  e)  surrounded  by  a  well-developed 
pericardial  sieus  (p*^),  from  which  the  blood  passes  into  the  heart 
by  three  pairs  of  symmetrically-arnuiged  clefts.  Three  anterior 
arterial  trunks,  and  one  posterior  trunk  arise  from  the  heart.  The 
anterior  median  one  (fiv)  runs  to  the  cerebrum  and  eyes  (f),  without 
branching  much;  tlie  two  lateral  trunks  (aa)  give  oiT  branches  to 
the  generative  organs,  liver,  and  antenuje.  The  arterial  trunk  from 
the  hinder  end  of  the  heart  divides  into  two  branches,  which  lie  one 
over  the  other,  and  which  may  even  arise  separately  from  the  heart* 
The  dorsal  one  Of^v),  which  is  bifurcated  in  the  Brachyura^  supplies  the 
muscles  of  tlie  back  and  tail.  The  ventral  branch  (a)  takes  a  down- 
ward course  at  once,  and  divides  into  an  anterior  and  a  posterior 
trunk,  both  of  which  give  off  most  of  their  branches  to  the  appen- 
dages. There  may  bo  two  smaller  trunks  in  addition  to  the  posterior 
median  one.  The  highly- developed  capillary  system  gradually 
passes  into  afferent  canals  (veins),  which  are  at  first  collected  iuto 
several  trunks  ou  the  ventnil  side,  and  are  then  united  (r)  into  a 
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Tlio  localisation  of  the  respiratory  function  leads  to  complication 
of  tli6  vessels  :  even  wliere  tlio  vessels  are  not  provided  with  separate 
walls  the  blood  always  flows  in  a  definite  and  constant  direction. 

The  blood-fluid  of  the  Arthropoda  is,  as  a  rule,  colourless;  in 
a  few  Insects  only  it  has  a  greenish,  or  red  coIouFj  owing  to  the 
coloration  of  the  plasma.  The  formed  constituents  of  the  blood 
are  indifferent  colourless  cells^  very  variable  in  form  aud  size*  They 
are  wanting  in  many  (lower  Crustacea) i  The  blood-cells  of  Insects 
are  often  distinguished  by  the  large  number  of  fine  fat-molecules  in 
tbein ;  but  these  must  not  be  confounded  with  the  celln  of  the  fatty 
bodiesj  which  are  often  also  free. 

5  217. 

The  simplest  form  of  a  circulatory  apparatus  in  the  Bnmchiata 
IS  tbfit  of  a  short  tubular  heart  (cf.  Fig.  136,  ^,  of  Daphnia),  which  is 
placed  above  the  enteric  canal  in  the  anterior  part  of  the  body,  takes 
in  the  blood  by  two  lateral  orifices,  and  drives  it  by  a  short  auteriiir 
vessel  to  the  cephalic  organs,  and  especially  to  the  cerebral  ganglia* 
The  blood  ia  distributed  in  regular  currents  throughout  the  body, 
and,  passing  by  the  parts  whicli  serve  chiefly  as  respiratory  organs, 
again  reaches  the  heart,  which  it  enters  by  the  slit-like  orifices  in  it. 
This  form  of  circulatory  organ  characterises  the  Copepoda  and 
Cladocera;  but  it  is  also  seen  in  the  larval  stages  of  the  higher 
orders,  and  even  in  the  developmental  stages  of  the  Decapoda, 
where  it  is  but  slightly  modified.  The  simple  forms  cannot  there- 
fore be  regarded  as  being  degenerated  from  more  complicated  forms. 
The  circulation  is  purely  lacunar,  and  there  arc  no  vessels  of  any 
kind  except  those  added  on  to  an  anterior  artery,  which  is  seldom 
much  branched.  In  many  Copepoda  (CorycEeida?),  and  in  the 
Cirtipedia,  there  are  no  circuhitory  organs. 

The  heart  of  the  Phyllopoda  is  more  developed.  It  has  the 
form  of  a  longer  tube,  made  up  by  several  such  simple  hearts  as 
those  of  the  Daphnida,  and  possessing  a  number  of  venous  ostia 
(as  many  as  20  pairs  in  Ai*temia).  The  cardiac  tube,  that  is,  is 
divided  into  separate  chambers,  which  do  not,  however,  exactly 
correspond  to  the  metameres,  oF  which  there  are  more  than  one  to 
each  chamber.  This  segmental  ion  seems,  therefore,  to  bo  an  inde- 
pendent one,  and  is,  perhaps,  to  be  regarded  as  a  later  arrangement* 
An  arterial  trunk  is  given  off  from  the  most  anterior  end  only.  This 
passes  the  blood  on  to  the  lacunar  tract  of  the  ctelom. 

The  heart  of  the  Artln^ostraca  extends  longitudinally  along  a 
large  portion  of  the  body  in  the  Amphipoda  and  iBopoda^  in  the 
former  it  is  placed  in  the  metameres  behind  the  head,  and  in  the 
latter  some  way  farther  back.  There  may  be  an  anterior  vessel  only, 
or  it  may  give  off  a  posterior  one  also.  The  former  only  is  branched, 
and  the  branches  are  confined  to  the  cephalic  region.  The  number 
nf  the  ostia  varies  greatly  in  the  Amphipoda  (Pbroniuia  has  o, 
Caprella  5,  Gammarus  7  paii*s)* 
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TASCULAIt  SYSTE:^!  OF  ARTHROrOBA, 

The  Itir^aa  of  the  Thoracostraca  have  a  simplo  cardiac  tubo  with 
iwu  lakTal  ostia  only,  which  so  far  resemblos  the  arniugement 
deicribed  above.  A  nioro  complicated  form  i^  gradually  den  veil 
from  this,  which  L^  developed  along  two  Hues.  One  of  these  is  seen 
in  tho  8tfjtnapodaj  where  the  heart  is  elont^ated,  and  an  anterior  and 
a  posterior  arterial  trunk  alone  gi\^en  off,  although  the  number  of 
venous  ostia  is  increased.  As  the  anterior  artery  alone  is  branched, 
and  the  posterior  has  a  widelj-opeu  mouth,  the  rirrangeraent  which 
obtaios  in  the  Arthrostraca  is  again  repeated  in  these  forms.  L-iter 
00,  not  only  du  the  anterior  and  posterior  arteries  form  a  larger 
number  of  Vjranches,  but  a  larger  number  of  lateral  arterial  trunks 
are  given  oif  from  the  heart  itself. 

The  second  t^*pe  is  seen  in  the  Schizopoda  and  Decapoda. 
Although  the  heart  is  provided  with  several  pair  of  ostia  it  is  nmre 
coucentnited  in  form,  and  the  lumen  can  no  longer  be  t?een  to  be 
divided  into  Kiiccessive  chambers.  The  primitive  segmentation 
has  given  way  to  a  more  compact  arrangement.  This  chu- 
racter  is  seen  even  in  the  arrangement  of  its  several  clefts^,  for  they  do 
not  now  follow  by  regular  pairs,  but  are  grouped  in  a  different  mttnner. 
The  heart  of  the  larvte,  however,  arises  as  a  thin-walled  tube  with 
only  one  pair  of  clefts,  and  is  continued  forwards  and  backwards  into 
a  siaiple  vascular  trunk.  The  anterior  one  divides  into  three 
branches,  which  arise  directly  fi'om  the  heart  when  the  trunk 
shortens ;  the  posterior  trunk  remains  single.  The  licart  is  elon- 
gated fur  a  time  only,  or  passes  at  once  into  a  more  compact  form. 
In  both  the  Schizopoda  and  Decapoda  it  is  placed  in  the  posterior 
portion  of  the  cephalothorax. 

New  portions  are  formed  in  the  arterial  system,  while  the  whole 
venous  portion  is  represented  by  lacuna?.  The  vascular  system  of 
the  Schizopoda  (Mysis)  remains  at  this  stage ;  the  Decapoda  pass 
through  the  different  Schizopod-stages  during  their  development. 
In  the  mature  forms  of  the  Macrourous  Decapoda  we  find  tho  mus- 
cular cardiac  tube  (Fig.  1 1-\  c)  surrounded  by  a  well-developed 
pericardial  sinus  (pf),  from  which  the  blood  passes  into  the  heart 
by  three  pairs  of  symmetrical iy-ammged  clefts.  Three  anterior 
arterial  trunks,  and  one  posterior  trunk  arise  from  the  heart.  Tho 
anterior  median  one  {av)  runs  to  the  cerebrum  and  eyes  (^i),  without 
branching  much;  the  two  lateral  trunks  (mi)  give  off  branches  to 
the  generative  organs,  liver,  and  an  ten  me.  The  arterial  trunk  from 
the  hinder  end  of  the  heart  divides  into  two  branches,  which  lie  one 
over  the  other,  and  which  may  even  arise  separately  fi-om  the  heart. 
The  dorsal  one  ('/jO^^'^liic'h  is  bifurcated  in  the  Brachyura,  supplies  the 
muscles  of  the  back  and  tail.  The  ventral  branch  (a)  takes  a  down- 
ward course  at  once,  and  divides  into  an  anterior  and  a  posterior 
trunk,  both  of  which  give  off  most  of  their  branches  to  the  appen- 
dages. There  may  be  two  smaller  trunks  in  addition  to  the  pusterior 
median  one.  The  highly-developed  capillary  system  gradually 
passes  into  afTcrent  canals  (veins),  which  are  at  lirst  collected  into 
several  trunks  on  the  ventral  side,  and  are  then  united  (r)  into  a 
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\d^^%  ventral  sinus,  placed  afc  tlie  base  of  tliG  gills  (in  the  so-calleJ 
sternal  canal).     Each  gill    \in^  receives   a  YGssel   from   this  %m\\^ 

(brancliial  aiiery).  From 
tbe  gills  tho  blood  passes 
into  the  bniTichial  veins 
{vhr)^  six  or  seven  of  which 
arise  OB  either  side  of  the 
pericardial  sin u 8,  into  which 
they  often  open  by  funnel- 
shaped  montlis, 

Tho  valves  of  the  venous 
ostia  are  to  be  regai-ded  as 
special  differentiations  of 
the  heart,  which  aid  in 
dividing  it  into  e^eparato 
chambers  when  it  is  elon- 
gated. 

The  circulatory  Hystem 
of  thePoecilopodacninbiucs 
several  of  these  different 
stages  ;  their  elongated 
heart  lies  in  a  pericardial 
sinus,  from  which  it  re- 
ceives blood  by  seven  pairs 
of  ostia;  it  does  not  only 
give  off  arterial  trunks  an- 
teriorly and  posteriorly,  but 
from  the  sides  alsOj  as  do 
tlie  Stoinapoda, 


§  218. 

The  circulatory  orgnus 
of  tho  Tracbeata  ^qv^ 
much  resemble  the  eluu- 
gated  multi  -  cam  era  to 
hearts  found  in  some  Crus- 
tacea; and  the  differences 
are  due  rather  to  the  de- 
gree to  which  the  vahciikr 
system  wliich  passes  froni 
the  heart  is  developed.  Tins 
again  is  affected  by  its 
relations  to  the  respiratory 
organs,  for  when  they  arc 
limited  to  a  sninll  space  tho 


Fig.  145.  fliiigmm  of  tho  circolatory  8j*ntem 
of  a  Lobster,  o  Eye.  ne  Lateral  autcnnip. 
a*  Mcm'al  aDtcnutP,  hr  BrancliiEr.  c  Heart. 
j3tf  Poricardium.  no  Median  ftnterior  aortsi. 
tm  Hpjiatic  artery.  o/>  Posterior  artery  of  tbe 
body,  ft  Tnink  of  tbe  ventral  artety,  ar  Auterior 
ventral  artery,  v  Vent  ml  vchouh  ninnp.  r  \ff 
Branchifll  veins.  Thcs  an-^jwB  indicfile  the 
direction  of  tho  oarrent  r>f  blood. 


blood-ves^sels  are  more  perfectly  developed,  %\ln!e  when  the  respira- 
tory organs  are  distribnted  over  the  whole  body  tlie  arteries  nre  le^s 
well  developed.     The  Proiraeheata  appear  to  resemble  them  in  thi.^. 


yASCULAR  SYSTEM  OF  ARTHP^OPODA. 
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So  far  as  is  yet  known  the  circulatory  system  of  Poripatua  is 
represented  by  a  '^dorstil  vessel/*  jnst  as  in  tbe  Insocta,  so  that 
here  we  lind  the  simplest  characters  as  compared  with  the  other 
Tracheata.  In  the  middle  line  of  the  ventrtd  surface  uf  the  dorsal 
vessel  there  is  a  row  of  clefts,  and  it  appears  to  agree  with  that  of  the 
Myriapoda  in  extending  along  the  whole  body^  while  in  the  Insecta 
it  is  limited  to  the  abdomen.  In  Lisecta  it  is  attached  to  the  wall  u£ 
the  body,  and  sometimes  even  to  the  tracheae  (in  the  larvic  of  the 
Muscida?)  by  the  "alfe  cordis"  (Fig,  1  (6j  vrt).  In  the  hirvic  ifc  is 
divided  into  separate  cliambersj  which  are  often  not  very  distinct  on 
the  outside,  and  which  have,  owing  partly  to  the  arrangement  of 
these  muscles,  and  partly  to  the  position  of  the  cicft-hko  venous 
ostiaj  a  mctameric  signification.  The  variation 
in  the  number  of  these  chambers  is  not  very 
great ;  in  must  there  are  eight  of  them ;  there 
are  very  seldom  more,  more  frequently  less  than 
thl^.  But  these  numbers  still  require  a  much 
more  exact  examination*  The  blood  which  is 
taken  into  the  cardiac  tube  by  the  ostia  is  driven 
forwards  by  the  systole  of  the  chambers,  and  so 
passes  from  chamber  to  cliamber^  and  from  the 
moat  anterior  of  these  into  the  norta>  where  the 
pouch-like  folds  of  the  edges  of  the  ostia  function 
as  valves;  and  prevent  it  from  returning  to  the 
heart. 

The  aorta  (Fig.  14(5,  a)  is  a  direct  continua- 
tion of  the  heart,  which,  as  compared  with  the 
Myriapoda,  has  disappeared  from  the  thoracic 
raetaraeres.  It  runs  straight  forwards  to  the 
cerebrum,  but  its  more  intimate  relations  after 
this  are  not  exactly  known.  It  is  uncertain 
whether  the  bmncliing  of  its  anterior  end,  wliich 
is  seen  in  some  Insects,  is  a  general  pha3Homenon, 
In  any  case  the  blood  very  soon  passes  through 
a  lacunar  passage  between  the  separate  organs 
into  regular  currents]  this  may  be  easily  observed  in  transparent 
insect  larvte;  it  is  again  collected  into  the  venous  ostia,  which  lio 
near  the  entrance  into  the  heart.  The  separate  pnssages  in  this 
tract  are  sometimes  so  sharply  marked  ofF,  that  in  the  appendages, 
for  instance^  vascular  spaces  appear  to  be  formed. 

As  the  alie  cordis  do  not  end  directly  on  the  wall  of  the  heart 
but  in  special  celts  on  it,  and  at  the  same  time  unite  to  form  a 
network  surrounding  the  heart,  a  cavity  resembling  a  pericardial 
sinus  is  formed  below  them, 

§  219. 

The  regulnr  extension  of  the  heart  of  the  Myriapoda  through- 
out the  whole  length  of  the  body,  and  the  considerable  increase  in 
the  number  of  its  chambei'S,  shows  that  there  is  in  them  a  closer 


Fig.  1 16.  Ueart  of 
Melolontlia,  ct Ar- 
tery an  sing  from  flio 
moat  aaterior  chiun- 
bor.  iH  Aku  aordia 
(after  Burcieialer). 


J 
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connection  between  the  exteraal  segmentation  of  the  hoJy,  ami  its 
internal  orgaoisation.  Herein  W€*mny  recognise  a  luwer  stage*  The 
chambers  (Fig.  147,  K)  are  again  separated  from  one  another  by 

valves,  placed  at  each  venons  ostimn 
(tj)f  and  are  attached  by  large  aire 
cordis  (m).  Paired  arterial  truuks, 
which  are  especial ly  well  developed 
in  the  ScolopendridiCj  are  sent  off 
from  each  chamber  to  its  proper 
inetameres.  As  compared  with  tlie 
Insecta,  a  higher  degree  of  develop- 
ment is  implied  bj  this  arrangement. 
These  arteries  arise  at  about  the 
level  of  the  venous  ostia*  In  the 
Julidaj  they  are  donble,  for  each 
chamber  is  composed  of  twoj  which 
were  primitively  separate.  Three 
trnnks  are  given  off  from  the  most 
anterior  chamber;  the  median  ono 
(r)  supplies  the  cephalic  segments, 
and  the  two  lateral  ones  (/>)  surround 
the  ccsophagus.  Where  they  unite, 
a  larger  trunk  is  formed,  which  lies 
on  the  veu  tral  nerve-chord ;  j  ust  as  i  n 
the  Scorpionea^this  ran.sas  far  as  the 
last  ganglion  of  the  ventral  chain, 
and  gives  off  numerous  branches. 


^^ 


Fig.  1 17-  Head  and  two  sp^nonta  of 
tho  body  of  Scolopondraj  with  tho 
iiiorit  anterior  portion  of  the  blood, 
vasctilftr  syateni,  C  Head.  G  Bupi  a- 
ix'-tophajfoal  j^ivntflion  (Ceitsbnim). 
ti  Eve».  M  MaTidiblen.  .4  Antonua?. 
A^  Cbamberfl  of  the  Heart.  iu  Ahu 
c'>rdis.  0  Tenons  ostin.  a  Lateral 
arteries,  b  Arterial  arches,  c  Cephalic 
aHery  (fifter  Neiirpf^H). 


§  220. 


Wo  find  that  the  Scorpioiiea 
auiong  the  ArachniJa  are  provided 
with  the  most  complicated  cirenlfitorv  apparatus.  The  heart,  sur- 
rounded  by  a  pericardial  siruis,  is  coovsiderablj  elongated  in  correla- 
tion with  the  fonn  of  their  body ;  it  is  divided  into  H  chambers^  which 
are  held  fast  by  lateral  nuiscles  (ala?  cordis).  A  pair  of  dorsal  clefts 
(venous  ostia)  leads  into  each  chamber ;  these  clefts  may  be  closed 
by  valves  which  project  into  the  interior.  Arterial  vessels  are  given 
off  from  the  anterior  as  well  as  from  the  posterior  end  of  the  heart, 
of  which  they  are  direct  prolongations;  tlic  anterior  one,  the  aortn, 
enters  the  cephalothonix,  while  the  hinder  one  runs  to  the  tail*  In 
addition  to  these  a  number  of  lateral  arteries  are  given  off  close  to 
the  venous  ostia,  and  are  distributed  to  the  neighbouring  organs. 
Two  of  the  numerous  branches  given  off  by  the  aorta  fonn  a  vascular 
ring  around  the  oesophagus,  whence  an  artery  runs  back  (arteria 
supnispinalis)  on, and  as  far  as  the  end  of, the  ventral  nerve-chord;  this 
artery  gives  off  a  large  number  of  branches.  The  venous  blood  is 
collected  into  a  receptacle  which  lies  directly  on  the  ventral  surface, 
just  as   in   the  higher   Crustacea;    from    this  it  is  carried  to  the 
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respiratory  organs.  Before  the  blood  from  tliem  gets  to  the  hearfrj 
it  pusses  into  the  pericardial  sinus. 

In  tho  other  Arachnida  the  noany-chambered  cardiac  tube  is 
reduced^  and  re- 
sembles in  cha-  ^  ^^  ^_^  ^^  ^  6_ 
meter  that  of  tho  s 
luseeta.  It  always 
lies  in  the  abdo- 
men; iiitheAranea 
and  Opilionida  it 
is  provided  with 
three  pairs  of  ostia, 
l>y  which  it  is  di- 
vided into  chaui- 
bei*s.  From  the 
inost  anterior  of 
these  an  artery  is 
continued  into  the 
cephalothorax :  in 
Lycosa  this  is  di- 
vided into  two 
trunks  (Fig.  148), 
each  nf  which  gives 
off  bi'anches  for  tho 
eyes  and  appen- 
dages, Tho  hiu- 
dermost  chamber 
opens  at   the  end 

of  the  abdomen,  and  tho  blood-current  from  it  corresponds  to  that 
which  is  distributed  by  the  caudal  artery  in  the  Scorpionea.  Since 
there  is  no  pericardial  sinus  tbo  blood  passes  to  tho  respiratory 
organs,  and  from  them  to  the  lieart,  by  lacunar  passages  only. 

Among  the  Pycnogonida  this  apparatus  is  limited  to  a  three- 
chambered  heart,  into  which  two  pairs  of  ostia  open ;  in  the  Acarina 
no  lieart  at  all  seems  to  be  developed. 


Fig.  us.  Circulatory  org^an 8  of  Lycoiia,  A  SecMi  from 
alijove;  B  From  tbB  side,  o  Ey©s»  1,2,3,4,5,6  Appemlngpa, 
P  LiiDgB.  / '  Heart,  or  VeuoiiB  ostia  of  tho  heart.  Tho 
arrowfl  indicate  the  direction  of  the  blood  (aft^r  Clapar^de). 


Excretory  Organs. 

§  221, 

The  appall  til?,  wliich  in  the  Vermes  is  formed  of  looped  canals^ 
is  found  ill  a  modified  form  in  the  Crnstacoa,  One  of  the  organs, 
which  represent  it,  consists  of  a  coiled  tube  placed  below  the  integu- 
ment of  the  head,  and  opening  at  the  base  of  tlie  second  (outer) 
pair  of  antennee*  In  the  Entomostraca,  this  organ  is  confined  to  the 
larva,  in  which  it  has  been  made  out  in  most  divisions.  It  may 
perhaps  be  retained  in  the  Cirripedia  as  the  Ko-called  "cement 
glands/^  which  lie  in  the  stalk  of  the  Lepadidti?^  and  open  at  its 
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lower  end ;  and  which,  in  the  Balanidse,  are  conrerted  into  a  Bpedal 
complex  of  glands.  This  organ  persists  in  the  Thoracostraca,  and 
is  koown  as  the  "green  gland*'  in  the  Crayli,sh. 

A  second  organ  of  this  kind  is  also  found  in  the  Entomostraca, 
hut  is  ahsent  in  the  higher  Crustacea.  It  hes  iti  the  mantle-liko 
fold  of  the  integument^  wliere  it  forms  a  transparent,  looped  canal, 
which  opens  below  the  mantle  (cf.  Pig.  13t>,  tj)>  Owing  to  its 
position  below  tlio  shell  it  is  known  as  the  shell -gland.  Its  inner 
end  is  hlind. 

There  are,  therefore,  two  kindi*  of  excretory  glandular  organs  in 
the  Crustacea,  bat  it  is  doubtful  whether  they  are  humodynamous. 
The  second  organ  may  ho  homolagous  with  the  loop-like  excretory 
organ  of  the  Vermes,  and  ho  therefore  derived  fi'om  a  common  stem- 
form,  while  it  has  lost  its  metamerie  signification. 

These  organs — the  functional  relations  of  w^hicli  cannot  as  yet  be 
definitely  adjudged,  and  of  which  the  green  gland  alone  is  distinctly 
similar  to  a  renal  excretory  organ — are  not  found  in  the  Traclieata. 
In  them  the  function  o£  excretion  is  performed  by  organs,  whicli 
have  been  described  anatomical!}^  among  the  appendages  of  the 
hind-gut  (§  214)j  nuder  the  name  of  urinary  canals^  or  Malpighian 
vessels. 


Tracheae, 
§  222. 

The  coelom  of  the  Protracheata  and  Tracheata  is  traversed  by 
an  aerating  system  of  tubes,  which,  so  far  as  is  yet  known,  is  derived 
from  tegumentary  organs.  The  characters  of  these  organs,  in 
Peripatns,  is  erf  the  greatest  significimcc  as  to  this  point ;  irregularly 
distributed  iofts  of  fine  tubes^  'filled  with  air^  are  distributed  on 
tlie  inner  surface  of  the  body-wall,  and  also  on  the  oviducts  and  on 
the  fore-  and  hind-gat. 

The  arrangements  in  the  Tmcheata  are  diJferent  from  this,  for,  in 
them,  the  trachete  are  regularly  arranged  and  symmetrically  dis- 
tributed. The  J  consist  of  an  outer  layer  of  connective  tissue 
(Fig,  1 19,  a),  the  interior  of  which  is  covered  by  a  chitinous  layer 
CQutinuous  with  the  external  integument.  Its  elasticity  is  almost 
uUogether  due  to  its  chitinoua  layer,  and  w^hen  the  trachea  is  mure 
elastic  it  is  becanse  this  layer  is  thicker ;  in  this  case  it  has  the 
form  of  a  spiral  filament,  projecting  into  the  lumen  of  the  trachea* 
At  certain  points  the  trachea?  form  saccular  enlnrgements,  and  at 
them  this  spiral  arrangement  of  the  thickenings  disappears;  that  is 
to  say,  it  is  only  deposited  at  certain  disconnected  parts.  This 
chitinous  layer  and  its  spiral  ridges  do  not  form  a  specific  arrange- 
ment, for  the  ducts  of  many  glands  have  a  verj^  similar  structure  in 
the  Tracheata, 

The  external  orifices  (stigmata)  of  the  tiacheie  are  rcgulnrly 
arnuiged  in  pairs  on  either  side  of  the  body ;  there  is  not  ahvuys  the 
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satad  nimiber  of  tliom,  and  in  soiuq  caaos  they  are  foana  oa  every 

segniont  of  tho  body.     Eieli  stigma  is  au  ollipio-shnptid  cleft,  sur- 

rouadud    by  a  circular   thickcuiiig 

of  tliG  external  chifcinous  skelotonj 

wliicli  can  be  ope  nod  or  closod  by 

valves.    Special  muscles  closo  tliese 

clefts.    Each  trunk  from  the  stigma 

is  lostj  sooner  or  later^  in  a  tnf  t  of 

smaller  branches,  from  which  finer 

branches  ari8e,  which  suiTotuid  the 

organs.     The  way   in  which    these 

branch,  as  well  as  the  length  and 

strength    of    the    bmnche^^,    varies 

greatly.     Separate  tracheal  trunks 

may  unite  with   one   another,  and 

form  a  system  of  tubes  which  passes 

longitudinally  aloDg,  or  transversely 

across  the    body,  and   from  w^hieli 

finer  ramification  a  are  given  off. 

Owing  to  the  distributiun  of 
these  trachcEB  tlirougliout  the  body 
there  is  a  great  difference  between 
the  rpspiratory  characters  of  the 
Tracheata  and  of  the  Branchiata. 
The  medium  which  is  to  be  respired 
is  distributed  through  tlie  whoh^ 
organism  j  it  is  not  only  the  blood- 
fluid  which  every wb  ere  bathes  the 
trachea?  that  can  exchange  its  gaeesj 
but  in  the  tissues  themselves  respiration  can  be  effected,  for  tho 
trachea?  are  distributed  to  them,  and,  indeed,  may  even  come  into 
relation  with  their  form-elements  (cf.  Fig,  144,  fr).  But  this  does 
not  apply  to  all  cases,  for,  when  the  tracheae  are  reduced,  the 
respiratory  regions  are  diminished  in  number  and  extent;  in  this 
way  the  diffuse  respiration  is  localised.  In  these  cases,  as  when 
there  are  branchiae,  the  blood  has  to  seek  out  the  respiratory  organs. 
In  this  way  the  chanictors  of  the  ti-acheio  influence  the  circulation. 
In  addition  to  their  respiratory  function,  the  system  of  tubes  filled 
with  air  serves  to  diminish  the  specific  gravity  of  tho  body,  and  is 
just  as  important  in  this  relation  to  Insects  during  their  aquatic 
stages,  as  to  those  Insects  w^hich  rejoice  in  wings,  and  which  are 
able  by  special  arrangements  to  increase  or  diminish  the  amount 
of  air  in  thou*  trachcitl  system. 


Fig.  1  ly.  IMoco  of  a  tmchoa  (►f  a 
CaterpUlur.  with  Its  branches,  K  V  D. 
aEpitlieliaKlikB  cc*llular  Iti jei'.  tKocloi, 


§  223. 

The  aiTangement  of  the  tracheal  system  varies  considerably,  but 
all  its  forms  may  be  derived  from  that  simpler  one  mentioned  above, 
in  which  there  is  a  pair  of  tufted  branched  tracheas  in  each  metamere. 


288 


coivrpAr.ATm^  axato^^iy. 


These  organs  appear  to  be  distributed  in  a  metaraeric  fashion  even 
in  the  cephalie  seginontsj  for  the  rudiincnti^  of  tracheae  foroied  by  the 
ectoderm  liare  been  observed  in  many  Insects  in  these  metameres 
daring  tlieir  development.  None  of  these  rudiments  are  retained  in 
any  Hving  Tracbcatej  owing  to  the  deveh>pm6nt  of  the  head.  In  tlio 
succeeding  metameresjalso^the  number  of  traeheai  may  be  diminished, 
for  in  Homc  cases  at  any  rate  the  tracheal  trunks  have  been  observed 
to  atrophy. 

In  the  ^Ijriapoda  the  traeheie  are  ordinarily  similar  in  character 
throughout  the  whole  body,  however  different  they  may  bo  in  the 
various  ordern.  The  stigniataj  %vhich  are  either  placed  on  the 
ventral  surface,  or  more  to  the  sides,  and  in  some  indeed  on  the 
dorsal  surface  (Scntigera),  lead  into  tracheal  trunks,  which  are  dis- 
tributcnl  in  correspondence  wnth  the  nnmber  of  metameres.  They 
are  mijst  sinjply  armnged  in  »hilns.  A  tuft  of  trachea^  passes  from 
each  stigma  to  tla^  viscera,  without  branching  at  all.  In  Glonieris, 
however,  the  tracheas  do  branch;  and  in  the  Chdopoda  they  form 
longitudinal  and  transverse  anastomoses,  so  that  they  get  to  bo 
arranged  in  very  much  the  same  way  as  in  many  Insects. 

Among  the  lusecta  some  Aptera  appear  to  have  lost  their  tracheae. 
They  are  almost  altogether  wanting  in  the  Collembohi,  two  pro- 
thoracic  trachea?  only  having  been  observed  in  Smyntlmrus.  Among 
the  Thysanura,  Campodea  has  as  many  as  three  pairs  (Fig,  150), 
belonging  to  the  mesothoracic,  inetatlionicic,  and 
first  abdominal  segment  respectively.  The  absence 
of  anastomoses  shows  that  they  are  of  a  lower 
grade  of  development  than  that  found  perma- 
nently in  other  insects.  There  are  generally  10 
pairs  of  stigmata.  This  is  the  highest  number 
known  in  the  imago  stage  of  the  Pterygotaj  but 
in  some  larva;  there  are  11  stigmata,  the  first 
abdominal  metamere  being  sometimes  provided 
w^ith  a  stigma^  although  as  a  rule  it  is  altogether 
absent.  There  are  never  any  stigmata  in  the  last 
two  metameres.  Tlie  number  of  these  stigmata, 
and  of  the  tracheal  trunks  which  arise  from  them, 
is  not^  however,  always  complete.  The  number 
varies  greatly,  pairs  of  stigmata  undergoing  de- 
generation at  one  point  or  another,  so  that  only 
2  or  3  of  them  remain  open.  In  the  imago  they 
generally  lie  in  the  softer  raembranej  which  con- 
nects the  segments  of  the  body,  and  tbey  nre 
sometimes  placed  so  much  on  the  dorsal  surface 
of  the  abdomen  that  they  are  covered  by  the 
wings  (Coleoptera).  The  number  and  arrange- 
ment of  the  trachea?  in  the  imago  stage  is  not  the  same  as  in  the 
pupaD  or  larva?.  The  differences  in  the  external  conditions  which 
obtain  in  the  two  stages  define  the  arrangements  of  this  system  of 
respiratory  tubes.     The  development  of  transverse  and  longitudinal 


Fl^.  150.  Anterior 
half  of  Campodea 
fragiliR*  9  Stif^. 
inn  til  (lifter  PahinJo). 
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anastomoses  provides  for  the  equal  distribution  of  tlie  respiratory 
medium.  When  the  number  of  i>tigmata  m  reduced  the  Inugitudinftl 
trunks  becorao  of  great  physiohigical  importnnco,  for  they  give  off 
tracheal  brnntlu'S  to  those  portions  nf  the  body  in  which  there  aro 
no  stigmata,  Tlio  above-mentioned  trachenl  vesicles  may  bo 
developed  on  the  principal  trunks,  a.s  well  as  nn  their  branches  and 
twigs ;  their  development  is  correlated  with  the  development  of  the 
power  of  fliglit.  A  Tf}Yy  large  number  of  them  may  be  found  in  the 
Coleoptera  (Ijamellicornes) ;  in  tho  Lepidoptera^  Hyraennptera,  and 
Diptera  thoy  are  not  ho  numerous,  but  aro  larger;  in  tho  Dipt  era 
they  are  sometimes  represented  by  a  largo  pair  of  vesicles,  which 
almost  fills  up  tlie  alMb»men. 

As  the  tracheal  system  is  developed  in  correlation  w^ith  aerial 
vespiratiori,  and  therefore  with  a  non-aquatic  habitat,  the  modifica- 
tions which  are  caused  by  tlie  aquatic  habitat  of  the  lurval  or  adulfc 
stages  of  many  Insects^  must  be  regarded  as  secondary  arrange- 
ments. They  are  adapted  to  tlieir  altered  mode  of  life.  Thus  in 
the  hirvfo  of  many  Diptera  there  is  but  a  single  pair  of  stigmatn, 
Tvhieh  are  placed  in  tlie  hinder  end  of  the  body  (Corcthra).  A  still 
further  adaptation  in  the  a([uatic  Hemiptera  (Nepa,  Ranatra)  is  the 
respiratory  tube,  which  projects  from  the  abdomen. 


§  224. 

When  Insects  are  most  completely  adapted  to  an  aquatic  halutat, 
all  the  stigmata,  and  t!m  traclieal  trunks  from  them,  are  atrophied. 
This  leads  to  tlie  formation  of  the  closed  tracheal  system,  which 
distinguishes  the  larvte  of  the  Pseud  on  europtora.  Tho  longitudinal 
trunks,  which  are  also  present  in  the  open  tracheal  system,  form  the 
chief  part  of  tho  apparatus.  They  give  off  brfinches  to  the  viscera 
(enteron),  as  w^ell  as  to  the  wall  of  the  body.  In  both  parts  thoy 
give  rise  to  the  development  of  organs,  in  which  the  exchange  f«f 
gases  is  effected.  The  relations  between  this  closed  tracheal  system 
and  the  open  one  nro  explained  by  the  prescnco  of  chords,  which 
eonnect  the  longitudinnl  trunks  with  tho  body-wall,  and  are  inserted 
at  the  very  points  wliere  stigmata  are  found  later  on,  Tlie  choi-tls 
therefore  appear  to  be  obliterated  tracheal  trnnks.  And  this  view 
is  confirmed  by  tho  fact  that  when  the  lai-vfo  undergoes  ecdysis,  tho 
intiraa  of  a  portion  of  the  tracheal  system  is  also  cast  off  by  means 
of  some  of  these  chords  and  is  found  in  tho  exuvite  (Ephcnic^ridn, 
Porlida),  Part  of  these  chords  aro  cast  off  again  in  the  last  nioult^ 
and  form  an  open  tracheal  system  by  giving  rise  to  a  stigma  at  their 
point  of  junction  with  the  skin. 

Tho  trachcio,  which  branch  in  the  integument,  allow  of  a  dermal 
respiration  during  the  closed  condition  of  the  appai-atns  (nniny 
Perlida),  This  deternnnes  the  development  of  superficial  growths, 
which  lead  to  the  formations  of  processes,  in  whicli  a  large  number 
of  trncheie  rnmify  (Tracheal  gills,    cf.  §   190)i      These  orgnns 
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funn  tuftsj  or  lamtjlln3,  which  beset,  the  aLdomcn  in  the  Ephciiierida 
and  Perlidii  (Fig.  151^  A)^  or  even  form  a  tuft  on  the  thorax  (Perlidu). 
Vague  dermal  respiration  is  here  localised  in  definite  organs.  There  is 
a  larger  surface  in  the  tufted  fornix  but  this  is  couipensateil  for,  in  the 
lamellar  form,  by  the  nio%X'moots  of  the  lamelbo,  and  the  consequent 

increase    of    rapidity 
A  ^  -B  in      exchanging     the 

water.  When  tra- 
cheal brandies  are 
developed  in  the  hind 
gutj  tlii.^  region  be- 
e  o  ni  es  res  pi  ra  t  or  y  i  n 
fa nction .  Respirat  ion 
seems  t<i  be  partly 
effected  in  the  game 
region  in  the  larvas 
of  the  Ephemerida 
and  Perlida,  although 
there  are  tio  special 
organs  developed  ;  for 
tliey  have  lieen  ob- 
Rcrved  to  take  water 
into  the  hiud-gut. 
Tin's  function  is  more 
evident  when  the  snr- 
face  is  increased  in 
extent,  as  it  is  in  tlie 
larva?  of  the  Libellu* 
lida^,  by  the  develop- 
ment of  a  largo 
number  of  lamella*, 
arranged  in  longitu* 
dinal  rows.  Two 
longitudinal  trnnks 
(Fig,  151,  li  a)  giro 
off  lu-anches  at  their 
hinder  end  (r)  to  the 
hind-gut,  and  form  a  close  plexus  of  trachea^  in  its  lamella?.  These 
internal  tracheal  gilk  are  constantly  bathed  with  water,  owing  to 
the  movements  of  a  valvular  arrangement  at  the  amis.  In  these 
forms  therefore  the  hind-gut  functions  as  a  respiratory  organ,  just 
aa  it  does  in  many  other  divisions. 

Falvkst,  J.  A.j  Ztir  Horpholo^o  des  Traclie^najBtoms,    Hekingfora ,  1877. 


Fipf,  15L  A  liijjder  portion  of  ihe  body  of  tlio  Inrva 
nf  Ephomerft  vtilj^ata.  n  Lonjfitndiiial  imchcal 
trunks.  Ef  Eat ©rio canal,  r  Tracheal  pillg.  JFeaihcred 
app€?Tidn^e  to  tho  tail*  B^  Larva  of  yEecliua  praDdiF. 
«(  Siipenor  iDp^ludiaal  tracheal  trnnks.  ?i 'Jlipir  nn- 
lerior  (»Tid.  f  Poatorior  portion,  branching  on  tho 
hind-gut.  0  Eyes.  The  middle  ti^ure  represents  the 
eat  eric  cfvonl  of  tlio  eame  kirva,  seen  from  tho  si  do. 
tl  Inferior  lateral  tmchcul  Irank-  e  Commniiication 
with  the  npjter  trunk,     a  h  e  as  in  B  (after  Snckow). 


§  225. 

Among  the  Arachnida  the  tmcheal  ajstom  of  the  Graleodea  most 
nearly  resembles  that  of  the  Insecta,  the  separate  ti^ache©  being 
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united  by  lateral  longitudinal  trunks.  As  however  they  have  only 
three  pairs  of  stigmata  they  indicate  their  affinity  to  the  other 
divisions  of  the  Arachnida.  A  remarkable  peculiarity  is  found  in 
their  tracheal  system;  a  tracheal  trunk  arises  from  a  stigma  and 
speedily  breaks  up  into  a  large  number  of  short  lamella-like  flattened 
branches,  which  ho  on  one  another  like  the  leaves  of  a  book ;  owing 
to  this  arrangement  the  whole  organ  is  confined  to  a  small  space. 
These  leaf-like  tracheae  are  known  as  "Lungs/^  Four  pairs  of 
them  open  on  to  the  ventral  surface  of  the  abdomen  in  the  Scorpionea. 
There  are  two  pairs  in  the  Phrynida  and  Mygalida.  In  the  rest  of 
the  Aranea  one  pair  only  is  developed,  the  stigmata  of  which  lie  in 
the  anterior  portion,  and  on  the  ventral  face  of,  the  abdomen.  In 
some  Aranea  a  second  pair  of  stigmata,  placed  just  behind  the  first, 
lead  into  tracheae  which  end  by  two  chief  tubes,  at  the  end  of  which 
are  extremely  fine  tubules  (Argyroneta,  Dysdera,  Segestria).  In 
others  this  pair  of  stigmata  is  fused,  and  lies  in  front  of  the  spinning- 
warts.  Four  tubes  generally  pass  from  the  stigmatic  cavity ;  these 
are  either  branched  (Thomisus),  or  end  simply  (Tegeneria,  Clubiona, 
Lycosa,  Epeira).  In  the  absence  of  branches  and  of  anastomoses, 
the  leaf-like  tracheae  resemble  the  lowest  stage  of  the  tracheae, 
and  represent  a  special  development  of  them. 

The  Opilionida,  the  tracheae  of  which  are  distinguished  by  the 
large  number  of  their  branches,  have  only  one  pair  of  stigmata. 
The  number  is  also  reduced  in  the  Acarina,  in  many  of  which  (e.g. 
Sarcoptes)  there  is  no  tracheal  system  at  all,  as  is  the  case  also  in 
the  Linguatulida  and  Pycnogonida. 


Generative  Organs. 
J  226. 

Reproduction  in  the  Arthropoda  is  effected  solely  by  the  genera- 
tive system ;  all  the  modes  of  reproduction  in  them,  which  are  called 
asexual  (phaenomena  of  Parthenogenesis,  and  of  alternation  of 
generation),  are  due  to  sexual  difEerentiation. 

The  disposition  of  the  generative  organs  in  different  individuals, 
which  obtains  in  some  divisions  only  of  the  Vermes,  is  the  rule  in 
the  Arthropoda;  in  a  few  only  is  the  hermaphrodite  structure 
retained.  In  many,  sexual  differentiation  extends  even  to  the  outer 
parts  of  the  body,  to  its  size  and  form. 

The  germ-glands  are  always  distinct  organs,  which  are  never 
distributed  in  a  metameric  manner ;  they  are  either  single,  or  there  is 
l)ut  one  pair  of  them.  We  cannot  yet  say  whether  this  is  due  to 
the  generative  system  having  been  transmitted  from  animals  in 
which  it  was  single. 

In  the  general  arrangement  of  the  organs  there  are  many  constant 
and  very  remarkable  points.     The  typical  form  of  the  apparatus  is 
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Mg-  152,     Dkgj-amBof  tlie  cliaracters 
tbo    gone  rati  v-o    ay«tom     in    tho 
thropoda.  a  Gorm-glanda.  ?>  c  Kffc» 
rent  dact. 

two  cflferent  ducts  (Insecta). 


evidently  a  couipfict  gerra-glaiid    (Fig,    l'''>2^   if)^    fnim   wliich    aa 
efferent  Juct  (5)  passes  off  on  oach  side.     We  find  this  arrangement 

of  t!ie  germ-gland  in  the  Braiiclnata, 
and  in  some  oi  tlio  Tnicheata  (Ar- 
aclmida).  In  almost  all  the  Crus- 
tacea the  efferent  duct  is  complctelj 
double  as  far  as  its  orifice  (J),  The 
same  arrangement  obtains  in  the 
Myriapoda,  among  the  Trachea ta. 
The  gorni'gland  begins  to  be  di- 
vided among  the  Crustacea,  The 
organ  is  then  divided  between  its 
The  approximation  of  the  orifices 
loads  to  the  formation  of  a  common  orifice,  and  this  to  the  forma- 
tion of  an  unpaired  portiou  of  the  duet  (f).  lu  many  Arachuida 
this  a/.ygos  tract  is  connected  wk!i  a  circular  part,  more  or  less 
of  which  is  formed  by  tho  germ-glaud  (C),  The  ring  is  then  formed 
by  an  iuherited  (primary)  stago — tho  siuglo  germ-glaud — and  by  an 
acquired  (secondary)  stiige — tho  fused  part  of  the  effert^ut  ducts. 
While  tJie  generative  glands  of  the  Crustacea  form  the  lowest  grade 
i>t  this  series,  the  Insccta  appear  to  form  tlu^  highest,  for,  owing  to 
the  bilateral  separation  of  the  germ-gh*ud,  and  the  terminal  fusiun  of 
the  efferent  ducts,  and  tlie  frjrmation  of  a  comniou  unpaired  portion, 
they  are  the  farthest  removed  from  tho  lowest  stage  (D),  The 
germ-glands,  as  well  as  the  efferent  ducts,  nuiy  undergo  various 
differeutiatious :  especially  the  duets,  of  which  sometimes  the  paired 
and  sometimes  the  unpaired  portiou  is  affected.  Except  in  the 
fixed  Cirripedia,  impregnation  is  effected  by  copuhition.  In  corre- 
spondence with  this  there  is  a  space  formed  near  to,  or  at  some 
distance  from,  the  terminal  portion  of  the  female  efferent  duet, 
from  a  divert ic alum  of  a  division  of  it ;  this  (reeeptaculum  seniinis) 
serves  to  take  up  the  sperm,  and  may  be  converted  into  appendices 
of  a  TOorc  independent  cluiracter.  Lastly,  there  is  a  bursa  copulatrix 
for  the  receptiun  of  tlio  penis. 

Tho  organs  whicli  servo  to  protect  the  eggs  after  they  have 
passed  out  of  the  body  are  of  many  kiuds.  Home  of  the  ajipeudages, 
in  the  Crustacea  especially,  are  often  metamorphosed  in  this  direc- 
tion. Even  whole  regions  of  the  body  may  be  converted  into 
mai-supial  pouches.  Much  of  the  difference  between  tho  male  and 
fenndo  individuals  is  due  to  these  relations  to  the  care  of  tho  young. 
Finally,  the  number  of  eggs  produced  is  an  important  element  in 
modifying  all  parts  of  the  female  apparatus;  for  nut  only  the  enlarge- 
ment of  the  efferent  spaces,  but  the  various  changes  of  all  tlio  accessory 
organs,  and,  again,  tho  increased  size  of  the  female  are  all  due  to  the 
production  of  a  largo  number  of  eggs. 

The  organs  necessary  for  copulation,  as  well  as  the  differentiation  a 
which  affect  the  efferent  ducts,  lead  to  complications  of  the  malo 
appamtus.  When  the  protractile  end  of  tho  efferent  ducts  does  not 
serve  in  copulation,  there  are  special  copulatory  orgausj  which  are 
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partly  formed  from  the  appendages  (Crustacea),  or  by  them  and 
whole  metameres  (Insecta).  The  appendages  have  further  many 
other  relations  to  the  generative  apparatus,  for  they  serve  as  organs 
for  seizing  and  holding  the  female,  and  are  modified  accordingly. 
The  generative  system  is  hero  seen  to  be  so  correlated  with  other 
parts,  as  to  be  of  great  importance  in  determining  the  form  of  the 
whole  organism. 

§  227. 

Among  the  Crustacea  we  meet  with  hermaphroditism  in  some  of 
tho  Cirripedia.  The  testes  and  ovaries  are  greatly  ramified  tubes, 
which  can  only  be  distinguished  externally  by  their  position  in  tho 
body.  In  the  LepadidaD  the  ovaries  are  placed  in  the  stalk 
formed  by  a  diverticulum  of  the  mantle;  they  give  off  an  oviduct  to 
the  mantle-cavity  on  either  side.  In  the  Balanidas  they  are  em- 
bedded in  the  mantle.  In  both  families  the  male  reproductive 
glands  are  disposed  around  the  intestinal  tract,  and  unite  at  each 
side  into  a  vas  deferens,  which 
runs  alongside  the  hind-gut, 
and  opens  with  its  fellow  of 
the  other  side  at  tho  end  of 
the  postabdomen. 

In  the  other,  or  dioecious 
Crustacea,  the  organs  of  both 
sexes  are  arranged  in  very 
much  the  same  manner.  There 
are  two  different  forms  of  the 
generative  apparatus  accord- 
ing as  the  germ -gland  is  paired 
or  unpaired.  But  these  are 
connected  with  one  another  by  forms  in  which  the  two  germ-glands 
are  united  into  an  organ  which  is  externally*  single. 

We  meet  with  unpaired  germ-glands  in  the  free-living 
Copepoda.  The  ovary  or  testis  (Fig.  153,  t)  lies  in  the  middle  line 
above  the  mid-gut  (v).  The  ovary  gives  off  an  oviduct  on  either 
side,  which  either  takes  a  simple  course  backwards,  or  forms  in  its 
terminal  portion  several  coils,  which  function  as  a  uterus  (parasitic 
Copepoda) ;  or  it  may  be  beset  along  its  whole  course  by  a  large 
number  of  diverticula  (Fig.  154,  B),  which  hold  the  eggs  (CorycDeida3) . 
The  shoi-t  terminal  portion  has  either  glandular  walls,  or  is  provided 
with  a  special  cement  gland.  An  enlargement  of  the  terminal 
portion  functions  as  a  receptaculum  seminis,  and  in  many  cases,  as 
for  example  in  the  Siphonostoma,  may  form  a  special  tract,  pro- 
viding a  special  orifice  for  the  reception  of  the  sperm.  In  many 
Siphonostoma  the  ovary  is  double ;  but  the  two  ovaries  are  often 
placed  close  together.  We  find  the  same  in  the  male  Copepoda, 
when  the  free-living  forms  have  a  simple  testis,  and  the  CorycaEjidaa 
have  one  divided  into  two  halves,  which  pass  on  either  side  into  a 
special  vas  deferens.     In  many  families  the  right  seminal  duct  is 


Fig.  153.  Gufc  and  male  generative  appa- 
ratus of  Pleuroma.  Side  view,  oe  Fore- 
gnt.  r  Mid-gnt.  7(  Unpaired  crocal-sac. 
i  Uind-gut.  c  Heart,  t  Testis,  vd  Coiled 
vas  deferens  (after  Clans). 
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atropliiGd,     The  many-coiled  end  of  the  duet  serves  as  a  seminal 
ve-siele  (Fig.  153,  vtJ),  in  which  the  apermato])liores  arc  formed. 

In  tlie  Braiichiopuda  iliu  grrm-ghiiids  are  separate  tubes 
wliicli  lii^  beside  the  enteric  eaunl.  In  the  Chulocera,  where  tliey 
are  directly  contimiouw  \vit]i  tlie  searcely  separable  efferent  diiet^ 
they  are  simple ;  the  duct  of  both  inale  nud  female  organs  opens 
near  the  end  of  the  body.  The  Phyllopnda  resemble  them  iu  this. 
Sometimes  the  testes  or  ovaries  oecupy  the  hinder  part  only  of  the 
ea^lom,  while  the  duet  is  given  off  from  their  :tnt(M"ior  end  ( Arteiniii, 
Branch  I  pus)  and  liends  buckwsirds,  or  tboy  begin  farther  forwards, 
and  give  off  the  excretory  duct  at,  or  neiir,  iheiv  posterior  end 
(Holopediuni).  In  tlie  former  an  enlargement  of  the  oviduct  serves 
as  the  uterus^  while  a  swelling  on  the  seminal  duct  forms  the  seminal 
vesicle.  This  simpler  form  of  the  geaerative  organs  is  modified  in 
the  Phyllopoda,  owing  to  the  enlargement  of  the  germing!  glands. 
The  ovary  of  Limnadia  is  beset  with  short  poncli-like  diverticula,J 
which  form  a  lobate  gland  of  a  larger  size  in  Apus,  owing  to  thai 
larger  number  of  branches  in  it.  This  organ  also  scu'ves  as  a  nterus 
for  the  ripe  eggs.     The  tei^tis  has  the  same  niorphologieal  characters. 

Among  the  Ar thro- 
^  Bt^^JA^  straea  the  generative 

«^^^  Vv  Snb  organs   Jire   genendly 

v^        zflD      ^^fe^H^  '        dotible,  each  side  pro- 
^|l       l^f       'Sf^MMm  vided  with  a  separate 

^H  "{9/         ^^l     ^S  orifice.  IntheAmphi- 

^^^iU  ^fc    BT  poda  the  female  organs 

wK  1^1  ^  m  consist  of  simple  tubes 

^        ^H    l^yi  1  i  which  open  as  a  rule  at 

*  fl    VI  I  I  the   base  of   the  fifth 

/Jm       X^lftAV        I  W  thoracic  segment.     In 

y^9         ^>^\        1  \  *^^^  Isopoda  (Fig.  154, 

^m  ^')     fl^t!      tube     ends 

blindly  in  frout  and 
behind  J  and  the  effer- 
ent  duct  arises  on  the 
course  of  it.  The  ends 
uf  the  tubes  are  to  be  regarded  as  true  germ-glands,  while  the  rest 
or  largest  portion  resembles  an  oviduct  or  uterus.  The  male  organs 
are  similar^  but  in  the  Isopoda  they  are  peculiar  in  character^  severed 
testlcuhir  tubes  (Fig.  155,  B)  uniting  into  a  special  portion,  from 
which  a  narrower  and  much-coiled  excretory  duct  arises.  This  has 
either  an  orifieo  of  its  own,  ur  is  united  with  its  fellow  of  the  other 
side  ill  front  of  the  orifice, 

$  228. 

Among  the  Thoracostraca  the  Schizopoda  (Mysia)  are  provided 
with  the  simpler  kind  of  generative  organs.  The  female  organs 
{Fig.  151,  -^1)  consist  of  an  unpaired  genn-gland  {o)j  to  the  sides  of 
which  oviducts  are  attached,  and  these  are  ividened  oat  anteriorly  into 


Fig.  164,     FeiiuUo  gtmorativo  orgaos   in  Oruatftcca. 

A  Qf  Mysis.      B  Of  8flpphirina.      G  Of  Oiiiscuh. 

0  Ovarj-.     od  Ovi«ttt€t.     ti  Uterus. 
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a  cascal  uterus  which  is  continuous  with  the  duct.  At  their  hinder  end 
they  send  off  a  short  duct  {od)  to  the  generative  pore.  The  organs 
of  either  side  are  united  in  the  same  way  in  the  testis.  This  is 
formed  of  a  double  row  of  glandular  follicles,  which  unite  into  a 
coiled  canal,  which  forms  the  simple  excretory  duct  and  opens  at  the 
base  of  the  last  pair  of  feet. 

The  generative  organs  of  the  Decapoda  resemble  those  of  Mysis, 
by  being  similarly  connected  in  the  middle  line ;  they  appear  to  be 
further  developed  by  various 
differentiations.  The  female  ^^         A 

organs  are  formed  by  two 
long  tubes  which  run  for- 
wards and  backwards,  and 
are  united  transversely  with 
one  another;  these  tubes 
function  partly  as  germinal 
glands,  but  chiefly  as  ovi- 
duct and  uterus.  In  the 
Crayfish  the  two  anterior 
divisions  have  the  form  of 
short  lobes,  while  the  two 
hinder  ones  are  fused  into 
an  unpaired  piece.  On  each 
side  a  short  duct  passes  to 
the  genital  pore,  which  in 
the  Caridina  has  the  same 
position  as  in  the  Schizo- 
poda;  in  the  Macrura  it  is 
placed  on  the  basal  joints 
of  the  third  pair  of  feet, 
but  in  the  Brachyura  on 
the  segment  of  the  body, 
which  carries  this  pair.  The  Brachyura  are  also  distinguished  by  a 
pouch-like  enlargement  of  the  oviduct  (seminal  pouch).  In  the 
male  apparatus  the  testes  are  formed  by  two  much-coiled  tubes, 
which  are  transversely  connected  with  one  another  in  front,  and 
which,  like  the  female  organs,  lie  for  the  most  part  in  the  cephalo- 
thorax;  in  Pagurus  only  are  they  placed  in  the  abdomen.  In  the 
latter  they  give  off  two  long  and  closely-coiled  but  gradually-widen- 
ing ducts.  Herein  they  agree  with  most  of  the  Decapoda,  but  they 
are  distinguished  from  them  partly  by  the  increased  size  of  the 
lobes  formed  by  the  coils  of  the  seminal  canal,  and  partly  also  by 
the  formation  of  the  unpaired  piece,  which  unites  the  glands  of 
either  side.  The  germinal  glands  are  more  completely  united  in 
Astacus.  A  vas  deferens  with  long  coils  passes  on  each  side  to  the 
outer  generative  orifice,  which  is  placed,  as  a  rule,  on  the  basal  joint 
of  the  last  pair  of  feet;  in  the  Brachyura,  however,  it  is  found  at 
the  end  of  a  penis,  which  is  formed  by  a  metamorphosed  appen- 
dage.    The  opening  of  the  male  apparatus  only  is  then  the  same 


Fig.   165.      Malo    generative    organs.      A    Of 

Homarus.    B  Of  Oniscus.    tt  Testes,    vd  Vas 

deferens,      vs  Seminal  vesicle,      o  Its  orifice. 

p  Oopulatory  organs. 
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as  in  the  ScliiKopodaj  while  the  female  orifice  is  placed  farther 
forwards. 

In  the  generative  apparatus  of  the  Stomapoda  the  testis  com- 
ineiicea  a^s  a  fine  unpaired  tube  in  the  middle  line  of  the  caudal  fin  ; 
it  is  continued  forwards  into  a  paired  tracts  from  wiiich  a  much- 
coiled  vas  deferens  arises.  Kach  of  these  passes  to  a  penis,  which 
springs  from  the  coxa  of  the  last  thoracic  foot.  An  unpaired  gland, 
"which  begins  in  the  cepbalothoraXj  opens  at  the  same  point.  Tlio 
ovarj  passes  backwards  as  an  azygoSj  and  aftenvards  as  a  paired, 
gland,  as  far  as  the  cepbalotliornx.  Each  gives  off  an  ovidnct  in  the 
third  thoracic  segment,  Tfv hi ch  opens  at  the  base  of  a  pouch  pkced  in 
the  middle  line.  The .  Decapod-type  prevails  in  thcra,  though 
nioditied  in  tlie  female  by  the  approximation  of  the  orifices. 

In  the  Pcecilopoda  we  see  a  combination  of  the  two  farms  repre- 
sented in  the  Crustacea.  Que  form  is  follow*cd  in  the  loeflian  con* 
nection  of  tlie  organs  of  either  side,  and  the  other  in  the  large 
number  of  germ -sacs  formed  by  the  fine  terminal  branches  of  the 
network,  which  makes  up  the  generative  organs.  The  v/ider  tracts 
serve  as  efferent  passages,  which  are  considerably  widened  in  the 
female  so  as  to  coUect  the  eggs^  and  are  continued  into  the  efferent 
duct  on  each  side. 


$  229, 

A  lower  stage  is  seen  in  the  female  apparatus  of  the  Protracheata* 
The  ovary  is  a  body  divided  into  two  halves  by  a  septum,  and 
sends  off  a  paired  oviduct ;  this  passes  forwards  as  a  coiled  tube, 
and  thou  bends  round  to  a  w^idened  portion,  which  functions  as  a 
uterus.  These  canals  are  continued  backwards,  and  only  unite  to 
form  a  common  short  vagina  near  the  generative  pore. 

In  the  male  apparatus  the  testes  are  completely  scpariited  from 
one  another;  each  of  them  is  provided  with  a  glanduhir  appeudiige. 
and  is  continued  into  a  long  looped  vas  deferens.  A  common  ductus 
ejaculatoriuSj  which  also  opens  at  the  hinder  end  of  the  body,  is 
formed  by  the  union  of  the  two  efferent  ducts. 


§  230. 

The  two  kinds  of  generative  glands  in  the  Arachnida  are,  as  a 
rule,  unpaired;  when  paired  they  are  coimected  transversely,  and 
open  either  by  one  or  two  dacts  anteriorly,  and  on  the  ventnil 
surface.  In  addition  to  accessory  glandular  organs,  or  special 
enlargements  of  the  excretory  ducts  serving  for  the  storage  and 
reception  of  the  sperm-masses  or  ova,  there  are  external  organs 
which  carry  the  sexual  products  outwaixls^  and  which  are  called 
penes  or  vaginas  according  to  the  sex.  The  male  organs  repeat  w^ith 
slight  variations  the  type  of  the  female.  The  union  of  the  gen  it  id 
glands  of  either  side  and  the  axygos  portion  of  the  nppanitua  which 
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is  formed  in  conseqaence  of  it,  calls  to  mind  the  similar  relations  of 
parts  in  the  Branchiata,  and  notably  in  the  Poecilopoda. 

The  ovaries  in  the  Scorpionea  are  formed  of  throe  long  tubes 
which  bend  towards,  and  pass  into,  one  another  at  their  hinder  ends, 
while  they  are  also  connected  with  one  another  by  four  transverse 
anastomoses ;  in  the  walls  of  these  tubes,  which  often  form  tubular 
diverticula,  the  ova  are  formed.  The  segmented  character  of  the 
organ  is  implied  by  the  transverse  connections,  which  form  four 
wide  meshes  on  either  side,  for  these  segments  have  exactly  the 
same  position  as  those  of  the  abdomen.  Spindle-shaped  and 
widened  oviducts  are  continued  on  from  the  two  outer  longitudinal 
tubes,  which  function  as  receptacula  seminis  for  the  sperm  which 
they  receive ;  they  open  at  the  base  of  the  abdomen. 

The  testes  also  of  the  Scorpionea  are  a  pair  of  winding  canals, 
united  by  transverse  commissures.  Their  double  character  is  implied 
by  the  presence  of  two  tubes  on  either  side.  The  vas  deferens  of 
each  testis  opens  to  the  exterior,  after  uniting  with  its  fellow  of  the 
opposite  side  at  just  the  same  point  as  that  occupied  by  the  genera- 
tive orifice  of  the  female.  In  addition  to  the  vas  deferens  there  are 
accessory  organs  on  either  side,  which  as  a  rule  have  the  form  of 
two  pairs  of  csecal  tubes,  which  vary  in  length  and  function  partly 
as  glands,  and  partly  as  seminal  vesicles. 

The  separation  of  the  germinal  glands  of  either  side  is  complete 
in  the  Galeodea  and  male  Aranea.  The  ovaries  are  two  tubes, 
on  the  outer  surface  of  which  the  ova  are  developed;  in  the 
Spiders  they  are  developed  on  stalked  processes.  In  some  (Segestria, 
Oletera)  the  ovaries  are  represented  by  a  closed  ring.  A  vaginal 
canal,  which  is  sometimes  widened  out  (Galeodes),  is  formed  from  the 
union  of  the  two  ovarian  tubes,  which  serve  to  carry  the  ova  out- 
wards; this  canal  has  one  or  two  seminal  vesicles  at  its  termination. 
These  are  found  also  in  the  Aranea,  where  they  often  open  inde- 
pendently in  front  of  the  orifice  of  the  vagina.  The  male  organs 
in  the  Galeodea  may  be  derived  from  those  of  the  Scorpionea,  by 
supposing  that  the  transverse  anastomoses  between  the  longitudinal 
trunks  have  disappeared.  Finally,  in  the  Aranea,  these  longitudinal 
tubes  are  reduced  to  two, 

BertkaVi  Uebor  d.  Generat.-Apparatns.  Aranoidcn.    Arch.  f.  Nat.  1875. 

$  231. 

In  the  Opilionida  and  Acarina  the  circular  form  of  germinal 
gland  is  the  dominant  and  general  arrangement ;  ifc  is  derived  fi'om 
the  transverse  connection  of  the  ovaries,  which  is  seen  in  the 
Scorpionea.  The  unpaired  stage  of  the  germinal  gland,  which  is  to 
be  regarded  as  the  more  primitive  one,  is  implied  by  this  arrange- 
ment. This  circular  form  is  most  perfect  in  the  Opilionida  (Fig. 
156,  B  o).  Just  as  in  the  Aranea  and  Scorpionea  the  ova  are  formed 
in  stalked  diverticula  on  the  surface  of  the  ring,  whence  they  pass 
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into  the  cavity  of  the  ovarian  tubes/  and  from  it  to  the  efferent 
duet,  which  is  provided  with  a  considerable  enlargement  (n)  (nterus). 
A  naiTOAV  coiled  continuation  of  this  lends  to  the  protractile  ovipositor 

(op).  In  tlieniale  there  is  a 
circular  canal, a  portion  only 
of  which  forms  the  testis, 
instead  of  the  ovarian  ring 
{Fig.  15G,  a  0;  t'^o  two 
ends  of  the  testis  pa>^s  into 
the  efferent  dnct  {ml}  which 
completoa  the  ring.  These 
nnito  into  a  closely- coiled 
portion,  from  which  a 
widened  canal  or  seiiiinal 
vesicle  arises  —  an  organ 
similar  to  the  ovipositor, 
andj  like  it^  protractile ; 
the  penis  is  attached  to  it. 
Two  large  tufts  of  acces- 
sory glands  (*ji)  are  con- 
nected with  the  ends  of  the 
penis. 
The 


Fjp,  156.  Cienerntive  orgftiig  cjf  Phalangiiim 
opilio.  A  Male  organs.  t  Testes,  vd  Vns 
(TeforeiJB,  jj  Penis,  m  Retnietors  of  peuis. 
gi  Appended  glands  (after  Kiolin).  B  Femnle 
orgaoa.  o  Ovary,  m  UteriiB,  o/i  Ovipneitor, 
m  RetrnctorB  of  nvipaeitor. 


circular  form  of 
germinal  gland  is  still  retained,  in  its  completeness,  in  many  of 
the  Acarina.  In  the  female  apparatus  the  greater  part  of  the  ring 
is  converted  into  the  efferent  organ^  owing  to  the  limitntion  of 
the  ova-pniducing  part  to  a  small  division  of  it.  This  is  most 
marked  in  Pentastomum,  w^here  the  ovary  is  attached  to  a  circular 
canal.  The  ovary  is  here  differentiated  from  the  canal.  The  part 
of  the  ringj  which  forms  the  efferent  ducts  and  passes  into  tbe 
single  portion,  is  often  wideued  out  into  a  uterus ;  or  the  uterus 
is  formed  Iry  the  unpaired  portiun  alone.  This  is  the  caseinPeutas- 
tnioinn,  the  uterus  of  which  furnis  a  coiled  canal  of  some  length. 
The  unpaired  ptu'tion  of  the  efferent  duct  is  generally  much  shortened 
in  the  malcj  and  the  two  parts  of  the  rings  connected  with  it  are 
widened  out  into  seminal  vesicles.  Appended  glands  arc  cunnected 
witli  the  unpaired  portion  in  hoth  sexes.  The  great  differences  in  tho 
distribution  of  the  functions  of  parts  uf  this  cana!  lead  to  the  separa- 
tion of  the  ring  intii  two  genital  tubes,  the  middle  of  the  germ- 
producing  portion  of  the  ring  becoming  sterile.  The  two  halves  uf 
the  ring  are  then  distributed  to  the  sides,  although  in  some  eases 
they  are  still  connected  by  a  canal,  or  b}^  indifferent  tissue;  this 
gives  rise  to  organs  which  are  only  united  at  their  orifices,  or  along 
an  unpaired  portion  connected  with  them  (Ixodes), 

The  hermapbrodite  generative  organs  of  tho  Tardigrada  are 
ahogether  nuhke  these  arrangements.  They  consist  of  an  nnjiaired 
ovary  and  two  testes  which  be  beside  the  enteron  :  their  efferent 
ducts  pass  into  a  receptaculum  seniinis,  and  open^  genernlly  provided 
with  special  glands,  into  the  cl<mca. 
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The  arrangements  in  the  Pycnogonida  arc  just  as  peculiar;  their 
generative  products  are  formed  on  the  wall  of  the  coelom,  and  are 
passed  out  by  special  orifices  (which  Are  sometimes  found  on  all,  and 
sometimes  on  only  one  pair,  of  the  feet).  This  character  reminds  us 
of  the  lower  arrangements  seen  in  the  Annulata. 

The  conversion  of  appendages  into  copulatory  organs,  which 
obtains  in  the  Crustacea,  is  seen  in  the  Aranea  only  from  among 
the  Arachnida;  in  the  males  of  this  order  the  palpi  are  organs 
of  a  complicated  structure,  which  convey  the  sperm  to  the  female 
generative  orifice. 

§  232. 

The  generative  organs  of  the  Myriapoda  are,  in  their  form 
and  arrangements,  most  similar  to  those  of  the  Arachnida,  and, 
as  in  these  forms,  they  sometimes  open  far  forwards  on  the  body, 
namely,  on  the  third  segment  of  it.  The  genera- 
tive organs  of  the  Scolopendridi©  are  placed  in 
the  hinder  end  of  the  body.  In  the  females  the 
generative  glands  are  either  simple  externally  and 
form  an  elongated  tube,  on  the  inner  surface  of 
whicli  the  ova  form  projections  ( Julidae,  Scolopen- 
dridas,  and  GlomeridaQ),  or  they  are  double  (Cras- 
pedosoma),  in  which  case  they  are  united  at  their 
anterior  ends,  while  the  oviducts  open  separately. 
In  the  Scolopendrides  the  simple  ovarian  tube 
is,  as  a  rule,  continued  on  by  a  simple  oviduct ; 
but  the  double  character  of  these  organs  is 
implied  in  the  development  of  ova  on  both  sides 
of  the  ovarian  tube. 

The  accessory  organs  are  formed  by  two  pairs 
of  bodies,  which  sometimes  open  into  the  ovi- 
duct, but  ordinarily  directly  into  the  genital 
orifice;  they  partly  form  cement  glands,  and 
partly  recep taenia  seminis. 

The  male  organs  also  are  often  double  in  their  efferent  ducts  and 
accessory  parts  only.  However,  many  Glomeridas  and  Julidas  arc 
provided  with  a  double  testicular  tube,  which  passes  into  a  common 
vas  deferens,  and  seems  to  be  united  into  a  single  organ  owing  to 
the  large  number  of  its  transverse  connections  (Fig.  157).  When 
there  is  only  one  testicular  tube,  it  is  beset  with  separate  follicles. 
The  vas  deferens  is  occasionally  single  (some  ScolopendridaD) ;  but 
us  a  rule  it  is  divided  into  two  branches,  which  either  open  on  a 
short  papilla  (Julidae,  Glomerida3),  or  are  connected  together  and 
continued  into  a  short  penis  placed  at  the  hinder  end  of  the  body 
(Scolopendrid®).  The  last  division  of  the  efferent  duct  is  provided 
with  enlargements  or  diverticula,  which  serve  to  collect  the  sperm. 
Several  pairs  of  glands  are  inserted  into  it  just  in  front  of  its 
orifice.  As  to  the  general  character  of  the  generative  organs,  they 
are  unmistakably  approximated  to  the  Crustacea  by  the  possession 


Fig.  157.  Malo  ge- 
nerative organs  of 
Jul  us.  t  Testicular 
follicles,  e  EfiForont 
duct  (after  Stciu). 
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of  separate  orifices^  and  resemble  the  AraclinidH  in  foriiiixig  an  annular 
portion, 

StbiN,  F.,  Dc  Jlyriapodiiiii  pnvt.  gciiital.     Berol.  18^11. 


§  233. 

Nutwitlistanding"  tlie  great  Yarintiotis  of  more  subordinate  clia- 
ractertij  tlie  generative  organs  of  tlie  Iiisccta  present  on  tlio  T^holo 
a  wcll-mttrked  noiforniity  of  Btructure.  Tho  organs  and  tli(."ir 
accessory  parts  almost  always  lie  in  the  abdomen,  and  generally 
open  below,  or  in  front  of,  the  anns.  The  eighth  abdomiiinl 
seginent  generally  seems  to  carry  the  genital  orifice.  In  the 
Strepsiptera  only  is  the  female  genemtivo  orifice  placed  somo 
way  forwards.  The  germinal  glands  are,  as  a  rule,  disposed 
in  pairs^  and  retain  this  condition,  although  there  are  indications 
oE  the  primitively  single  arrangement,  or  of  a  connection  between 
the  genn-glands  of  either  side,  ns  in  the  Arachnida  and  Myria- 
poda.  Each  germ-gland  is  composed  of  a  varying  number  of 
eqaal  parts,  which  are  generally  tubular  in  fomi,  grouped  into 
tuftSj  and  united  at  an  efferent  dtict.  The  ducts  of  the  two  germ- 
glauds  seldom  have  separate  orifices.  Thej  are  almost  always 
miitcd  for  a  certain  distance,  and  receive,  before  they  unite,  acces- 
sory organs,  formed  by  the  differentiation  of  a  portion  of  their 
walls.  In  the  females  these  organs  appended  to  the  ducts  are 
sometimes  pouch-like^  or  vesicular  portiruis,  which  either  serve  for 
the  reception  of  the  male  copulatory  organ  (bursa  copiilatrix),  or 
as  glandular  organs  of  vnrious  kinds  (cement  glands),  and  also  as  a 
Btore-house  for  the  sperm  (rcceptaculum  seminis).  lu  the  uiale,  tho 
paired-glands  of  tho  efferent  ducts  are  greatly  developed.  In 
addition  to  them  there  aro  other  parts  which  function  as  seminal 
vesicles  (vcsicuho  seminal es). 

Extennd  organs,  which  aro  generally  formed  by  the  metamor- 
phosis of  tho  term  in  til  metameres  and  their  appendfigcs,  are  con- 
nected with  the  end  of  the  genital  duct ;  in  the  males  these  form 
copulatory  organs,  and  in  the  female  vary  in  form  (as  ovipositors). 


§  23  k 

In  tho  female  apparatus  the  coinplex  of  ovarian  tube?,  which  is 
^nerally  regarded  as  an  '^ovary,^^  undergoes  the  most  considerable 
mod  ifi  cat  ions. 

The  relations  which  these  tubes  have  to  the  formation  of  ova  is 
somewhat  different  to  those  which  they  have  in  other  Arthropoda. 
Each  separate  ovarian  tube  (Fig.  158)  gradually  widens  at  one  end, 
where  it  is  inserted  into  the  oviduct;  the  opposite  end 'is  generally 
slender,  and  is  often,  indeed,  continued  into  a  fine  filamentous  process. 
When  there  are  a  large  number  of  ovarian  tubes,  the  free  ends  are 
directed  towards  a  centre  and  connected  together.     The  ova  are 
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formed  la  these  terminal  filaments,  the  cell-masses  of  which  represent 
ovarian  germs;  these,  while  undergoing  continual  differentiations, 
gradually  make  their  way  out 
of  the  ovarian  tube.  The  ovum 
is  a  true  cell  at  the  place  where 
it  is  formed,  but  on  its  way 
through  the  ovarian  tube  it  in- 
creases in  size,  so  that  we  find 
the  largest  eggs  farthest  from 
the  germinal  region,  and  nearest 
the  oviduct,  while  behind  them 
there  is  a  continual  series  of' 
smaller  and  younger  formations 
up  to  the  above-mentioned  blind 
end  of  the  ovarian  tube.  The 
separate  eggs  cause  the  ovarian 
tube  to  appear  to  be  divided 
into  segments  or  chambers.  The 
gradual  descent  of  the  egg  is  not 
only  correlated  with  its  growth, 
but  with  various  changes  also  in 
the  substance  of  the  yolk ;  eaoh 
egg  is  provided,  especially  in  the 
last  segment  of  the  tube,  with 
an  external  cuticular  investment, 
the  so-called  chorion ;  this  is 
formed  by  the  epithelial  layer  of 
the  ovarian  tube. 

As  each  egg  passes  into  the 
so-called  oviduct,  a  portion  of  the 
ovarian  tube  is  degenerated,  and 
so  the  egg  next  in  front  is 
brought  close  to  the  oviduct. 
The  differentiation  of  the  egg  is 
accompanied  by  the  growth  of 
the  thin  end  of  the  ovarian  tube, 
which  is  made  up  for  by  its 
shortening  at  the  other  end.  In 
many  Insects  a  group  of  cells  is 

differentiated  with  each  egg,  in  addition  to  the  epithelial  layer  sur- 
rounding it;  this  vitellogenous  layer  occupies  the  portion  {h)  of 
the  chamber  (a)  behind  the  egg-cell  (Fig.  158,  B  a),  but  is  gradually 
used  up  by  the  latter,  as  it  grows.  An  ovarian  tube,  or  a  collec- 
tion of  such  tubes,  does  not  therefore  correspond  merely  to  a  germ- 
producing  reproductive  gland,  but  is  an  organ  entrusted  with  a 
much  larger  series  of  functions,  and  its  blind  end  only  is  analogous 
to  an  ovary. 

The  length  of  the  ovarian  tube  depends  on  the  number  of  eggs 
in  it.     The  smallest  number  of  chambers  is  found  in  most  of  the 


Fig.  168.  A  Ovarian  tube  of  the  Pica, 
o  OTnm.  g  Germinal  vesicle.  B  Ovarian 
tabeof  aBootle  (Carabns  violacens). 
0  Ovarian  segment,  divided  into  two  por- 
tions, of  which  the  ovarian  ccU  is  marked 
a,  and  the  vitellogenous  layer  b.  The 
ovum  of  the  last  segment  has  been  ex- 
pelled ;  the  walls  of  the  ovarian  tube  are 
collapsed  (after  Lubbock). 


rni^fPATJATIVE   ANATOlvrY. 

DipteriVj  ivliere  not  uufrequeDtly  tliere  is  only  ouo  (Fig*.  160^  w), 
thuiigli  more  coramouly  two  or  tlircc.  In  maoy  Coleoptem  and 
Heiniptera  also  the  number  of  cliambei'S  is  small.  Tbe  ovariau 
tubes  are  longer  ill  most,  of  tbe  Ilemiptera  and  Hymenoptera ;  the 
largest  iiiimljer  of  cliambers  obtains  in  the  Neuroptera  and  Ortbnp- 
tera,  and  lastly  in  tbe  Lepidoptera,  wkerc  there  are  fonr  ovarian  tubes 
inude  np  of  a  large  nnniber  of  charaberSj  wliieli  look  like  a  string  of 
pearl  fci. 

The  arrangement  of  the  ovarian  tubes  on  the  so-called  oviduct 
also  varies  very  greatly.  Tliey  are  sometimes  united  into  tufts, 
sometimes  broken  up  into  groups,  and  sometimes  arranged  in  rowj?. 

The  so-called  p^^eudova  have  been  distinguished  from  t!ie  eggs 
(ova)  J  tliese  stnictures  are  partly  ehamcterised  by  the  ab^^enee  of  the 
germinal  spot,  like  the  products  of  the  temale  generative  glands  in 
certain  generations  of  the  Aphides  and  Coccida?.  As  the  organs 
resemble  those  in  which  true  egg-cells  arc  formed,  and  as  the  same 
individual  is  aide  to  ]n\>duce  pseudova  and  nva  at  different  times,  it 
is  best  not  to  regard  the  gulf  between  these  two  produets  of  the 
ovary  as  a  very  wide  one.  These  structures  arc  links  in  a  chain  of 
phienomena,  which  are  very  common  among  Insects  ;  the  chain 
begins  with  the  arrangement  known  as  parthenogenesis,  and 
extends  to  an  apparent  alternation  of  generations.  The  whole 
pha^noinenon  depends  on  the  emancipation  of  the  ovum  from  the 
iul:luence  of  the  male  rei>roductive  elements.  The  simplest  case  is 
that  in  which  there  is  no  anatomical  difference  between  the  eggs, 
some  of  which  are  developed  without  previous  fertilisation,  while 
the  rest  require  to  bo  impregnated.  The  parthenogenesis  of  Bees, 
Wasps,  and  many  other  Insects  is  of  this  kind.  The  arrangement  in 
wliich  the  same  individual  no  longer  produces  these  eggs  at  one  and 
the  same  time  is  a  farther  differentiation ;  the  emancipated  ovarian 
]>ruducts  are  then,  as  a  rule,  differently  formed  (psendova).  Still 
mr«re  peculiar  is  the  formation  of  these  eggs  in  different  individuals, 
wlien  whole  generations  can  do  without  the  influence  of  tbe  semen  on 
the  reproductive  elements,  and  at  the  same  time  fall  to  a  lowei*  gmde 
of  organisation  (Aphides).  These  structures^  finally,  may  be  formed 
in  an  earlier  stage  in  the  development  of  the  auitnal,  and  froin  the 
still  indifforent  germinal  gland;  this  arrangement,  just  like  the  rest, 
with  which  it  is  directly  allied,  is  derivable  from  sexual  differen- 
tiation (Cecidomyia). 


§  235. 

The  two,  ordinarily  short,  oviducts  seldom  open  separately  into 
a  depression  of  the  integument  (Ephemerida).  As  a  rule  this 
depression  is  further  developed  into  a  common  efferent  duct 
(Fig.  159,  or),  the  vagina;  with  this  accessory  organs,  reccptaculum 
seminis  (Fig.  150,  m)  and  bursa  copulatrix  (Ifc),  are  connected*  The 
seminal  receptacle  is  seldom  absent;  it  is  formed  of  a  stalked  and 
.sometimes  much-coiled  vesicle.     The  receptacle  is  often  a  proper- 
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tionately  wider  and  coiled  caecal  tube,  which  is  sometimes  provided 
with  an  appended  gland. 

The  bursa  copulatrix  is  another  organ,  which  is  directly  con- 
nected with  the  vagina;  it  is  a  wide  caecal-sac  (Fig.  159,  be),  which 
looks  like  a  diverticu- 
lum of  the  wall  of  the 
vagina.  This  organ  is 
found  in  some  orders 
only,  and  even  in  them 
it  is  not  generally  pre- 
sent. The  bursa  copu- 
latrix of  the  Coleop- 
tera  appears  to  be  the 
most  independent,  and 
not  nnfrequently  is  of 
a  considerable  size ;  in 
them  it  is  generally 
connected  to  the  va- 
gina by  a  canal.  In 
the  Lepidoptei'a  also 
it  opens  into  the  va- 
gina by  a  narrow  duct ; 
but  it  is  remarkable 
from  the  fact  that  it 
has    another   efferent 

duct  in  addition  .to  this  one,  which  it  sends  off  below  the  female 
generative  pore,  where  it  opens  separately.  In  the  Lepidoptora 
fertilisation  is  effected  by  means  of  this  canal,  the  spermatozoa  pass- 
ing into  the  receptaculum  seminis  from  the  bursa  copulatrix  by  the 
above-mentioned  duct,  which  connects  it  with  the  vagina.  The  open- 
ings of  the  two  parts  into  the  vagina  are  opposite  to  one  another. 

The  accessory  glandular  organs 
of  the  vagina  either  consist  of  a 
pair  of  simple  canals  which  gene- 
rally form  long  loops  (Fig.  160,  gl) 
(Lepidoptera,  many  Diptera),  or 
of  short  C8Bcal  tubes  (Bugs).  In 
others  they  are  greatly  ramified 
(Ichnenmonidee  andTenthredinidae). 
The  secretion  of  these  cement- 
glands  serve  to  attach  the  eggs 
when  laid,  and  at  times  to  unite 
them  into  masses. 

As  a  rule  some  portions  of  the  integument,  which  have  the  form 
of  valves,  are  connected  with  the  female  genital  pore ;  the  markings 
on  these  valves  are  always  exactly  adapted  to  the  male  copulatory 
organ ;  sometimes  they  are  arranged  like  nippers,  and  consist  of 
processes  which  work  laterally  on  one  another. 


Fig.  159.  Female  generative  organs  of  Hydrobins 
f  ascipes.  o  Ovarian  tabes,  ov  Oviduct,  beset  with 
glandiUar  appendages,  gl  Tubular  glands.  i'  Vagina. 
he  Bursa  copulatrix.  ra  Receptaculum  seminis  (after 
Stein). 


Fig.  160.  Female  generative  organs 
of  MallophagQs.  o  Ovarian  tube,  u 
Uterus,  gl  Glands  (after  R.  Leuckart). 
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COMPARATIVE  ANATOMY. 


§  236. 

The  male  generative  organs  of  Insects  very  often  repeat  in 
their  development  the  forms  of  tho  female  organs,  so  that  even 
the  separate  divisions  of  both  sets  of  glands  not  unfrequently 
coiTespond.  Tho  testes,  which  are  always  paired,  and  seldom  fused 
into  one  organ,  are  composed  of  cajcal  tubes,  just  like  the  ovaries ; 
they  also  vary  in  number  and  size,  and  are  connected  with  one 
another  in  all  kinds  of  ways  (Figs.  161, 162,  /).  The  testes  of  either 
side  are  often  united  in  the  Lepidoptera.  The  Diptera  and  Strep- 
siptera,  as  well  as  many  Neuroptera,  have  two  simple,  long,  and 
always  separate  testicular  tubes.  In  many  Coleoptera,  also,  each 
testis  is  a  long,  closely-coiled  caecal  tube,  surrounded  by  a  special 
membrane.  The  testes  of  most  insects  are  made  up  of  a  number 
of  tubes.     Thus  each  testis,  in  most  of  the  Hemiptera,  consists 


Fig.  161.    Testes  and  efferent  duets      Fig.  162.    Male  generative  organs  of  Mel o. 

of  Achcta  campestris.      t  Testes.      lontha  vulgaris,    t  Testes,    vd  Vas  dcfe- 

V  Ytis  deferens,    g  Seminal  vesicle.         rens.      ra  Its  widened  portion,     gl  Coiled 

apx)ended  gland. 

either  of  several  tubes  connected  together  to  form  a  fan -like 
organ,  or  of  a  large  number  of  separate  tubes ;  this  form  of  testis 
is  also  found  in  a  largo  number  of  the  Coleoptera.  The  testes 
of  most  Orthoptera  consist  of  closely-applied  tubes,  which  thus 
form  a  single  mass,  or  of  rounded  vesicles  grouped  in  a  racemose 
fashion ;  similar  structures  are  also  found  in  the  Hymenoptera. 

The  efferent  ducts  of  the  separate  testicular  tubes  are  united 
into  seminal  ducts,  and  these,  on  each  side,  into  a  vas  deferens 
(Fig.  161,  r;  Fig.  162,  vd),  which,  when  the  tubes  are  closely 
united,  passes  directly  from  them.  The  two  seminal  ducts  are,  as 
a  rule,  not  very  long,  but  in  some  cases  they  are  considerably 
elongated,  and  the  widened  portions  of  the  coiled  canals  then  function 
as  seminal  reservoirs  (Fig.  162,  vs).  A  common  efferent  duct 
(ductus  ejaculatorius)  is  given  off  from  their  point  of  union ;  this, 
too,  varies  greatly  in  length,  and  also  serves  in  part  as  a  reservoir 
for  the  sperm. 

The  accessory  glandular  organs  are  as  a  rule  paired,  and  like  thoFc 
of  the  female  apparatus  are  either  long  coiled  canals  (Fig.  162,  r//). 
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or  shorter  and  grouped  into  tufts,  or  branched  tubes;  they  are 
attached  to  the  efferent  ducts  at  various  points. 

The  male  copulatory  organs  of  the  Insecta  resemble  the  female 
ones,  and  are  made  up  of  chitinised  ridges  and  valve-like  arrange- 
ments, which  vary  greatly  in  form,  and  surround  the  generative 
orifice.  They  are  divided  into  those  which  serve  only  for  external 
copulation,  and  into  others  which  are  comparable  to  a  penis,  and  are 
capable  of  intromission.  The  latter  are  formed  by  a  tube,  which  is 
either  attached  externally,  or  is  protrusible ;  the  ductus  ejaculatorius 
is  continuous  with  it,  and  it  often  carries  pincer-like  organs  at  its  end. 
In  the  Coleopterathis  copulatory  organ  is  enclosed  by  a  thick-walled 
chitinous  capsule  placed  in  the  abdomen,  which  is  often  of  consider- 
able size,  and  is  provided  with  a  special  muscular  apparatus  to 
protract  it,  and  draw  it  in  again. 

§  237. 

The  seminal  elements  of  the  Crustacea,  though  very  variable  in 
form,  always  agree  in  being  motionless;  the  seminal  filaments  of 
the  Cirripedia  are  an  exception  to  this.  Although  the  seminal 
elements  are  filamentous  in  the  Isopoda,  Amphipoda,  and  Ostracoda, 
they  are  incapable  of  movement ;  in  the  last-mentioned  group  they 
are  extraordinarily  long.  Among  the  Schizopoda,  in  Mysis,  at  least, 
they  are  filamentous,  and  are  bent  at  one  end  so  as  to  form  a  hook. 
Cell-like  bodies  are  the  most  common  forms ;  owing  to  the  preseuce 
of  processes  they  present  various  peculiarities,  the  most  notable  of 
which  is  the  radiate  form  of  the  semen  of  the  Decapoda  ("  radiate 
cells  ").  The  seminal  filaments  also  of  many  Arachnida  and  Myria- 
poda  appear  to  be  incapable  of  movement,  although  in  the  former 
they  are  motile,  when  within  the  female  generative  organs. 

In  the  Insecta  the  form-elements  of  the  sperm  are  movable 
filaments,  which  are  generally  drawn  out  into  a  process  at  either  end. 
The  union  of  these  filaments  into  tufts  is  an  arrangement  peculiar  to 
them,  as  is  also  the  union  of  the  cells  in  two  rows  to  form  a  rod-like 
structure  which  resembles  in  character  a  spermatophore  (Orthoptera). 


Sixth  Section. 


Brachiopoda. 

General  Review  of  the  Group. 
§  238. 

The  Bracliiopoda,  which  by  most  authors  were  formerly  placed  with 
the  Mollusca,  with  which  they  have  little  in  common  save  a  shell, 
which  is  quite  different  from  the  one  found  in  the  MoUusca,  form  a 
small  and  well-defined  division,  which  is  derived  from  the  phylum  of 
the  Vermes.  Among  the  Vermes  the  Chaetopoda,  which  are  highly 
differentiated  forms,  appear  to  have  several  points  of  affinity  with 
them ;  but  nothing  more,  for  there  are  such  striking  peculiarities 
even  in  the  most  important  systems  of  organs,  that  it  would  be  going 
too  far  to  base  any  definite  phylogenetic  assertion  on  these  relations. 
In  any  case  the  whole  organism  of  the  Brachiopoda,  as  compared 
with  the  Chastopoda  and  Annelides,  is  completely  metamorphosed, 
and  genetic  relations  can  only  be  made  out  in  a  few  rudiments. 

This  eminently  isolated  position  of  the  Brachiopoda  at  the 
present  time  corresponds  to  the  slight  variations  seen  in  the  extant 
forms,  as  well  as  to  the  fact  that  we  have  here  to  do  with  a  group 
of  animals  which  was  richly  developed  in  earlier  periods.  Some 
genera  are  found  as  early  as  the  Silurian  epoch.  But  as  the  palas- 
ontological  evidence  is  not  sufficient  to  justify  us  in  associating  them 
with  the  Vermes,  it  is  better  to  treat  them  separately  than  to  unite 
them  with  those  forms.* 

We  distinguish  two  orders  only, 

1)  Ecardines. 

Lingnla,  Orbicnla,  Crania. 

2)  Testicardines. 

TerebratolA,  Ai^ope,  Waldheimia,  Theoidinm. 
•  I  recognised  their  aflftnity  to  the  Vermes  in  my  "  Gnmdzuge,"  II.  Anfl. 
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Form  of  the  Body. 

§  239. 

It  is  necessary  to  go  back  to  embryonic  stages  to  understand 
the  characteristics  which  distingoisli  the  form  of  the  body  iii  the 
Brachiopoda,  In  it,  and  at  an  early  period^  Tve  meet  with  a  stage 
in  which  the  previously  imdivided  body  is  separated  into  three  (in 
Thecidium  four)  uietameres ;  this  discloses  the  Annulate  type.  A 
terniiiial  circlet  of  cilia  is  predominant  among  the  cilia  formed  all  over 
the  body  in  Terebratukj  as  is  the  case  also  in  many  Annelid  larvoe. 
Bundles  of  Fcta^  (Fig*  1*^3,  d)  appear  on  the  middle  segment ,  which 
can  be  moved  just  as  in  the  Choetopoda, 
while  tho  fii^sfc  metamere  (cephalic  segment) 
is  converted  into  an  nmbrclla-liko  enlarge- 
ment over  the  mouth ;  thin  is  Burrouuded 
by  long  cilia  (Argiopc),  In  this  point  also 
we  can  make  out  an  affinity  with  Vermian 
larvBB  (Actinotrocha), 

While  the  larva  becomes  attached  by  the 
last  metamere,  two  elevations  are  formed 
from  the  middle  one,  which  enclose  the  first, 
and  take  on  the  form  of  two  man  tie- folds. 
The  two  shells,  which  can  be  distingiiished 
as  dorsal  and  ventral,  are  developed  from 
this,  and  reach  to  the  stalk  formed  from  the 
last  metamere.  Omng  to  their  position  on 
the  body,  the  shells  are  clearly  quite  unlike 
those  of  the  Mollusca;  this  formation  of  tho 
shells  is  a  peculiarity,  which  marks  off  the 
Brachiopoda.  And  further  this  formation 
is  probably  the  real  cause  of  tho  cessation 
of  the  development  of  motameres,  which 
is  also  connected  with  the  fixed  position  of  the  animal.  Another 
peculiarity,  the  development  of  arms,  ia  explained  by  the  mode 
of  life. 

X  2 


Fig.  in3.  hi.        .t  Argiope. 

m   Matitlu*       h  Bundles    of 

get  IP.        d    Enteron     (after 

KowalevBky), 
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CO!^IPAKATIYE  ANAT03^IY. 


A  small  niimbor  of  ciliated  tentacular  processes  are  developed  in 
the  laryaa  at  the  sides  of  the  mouth.  In  the  mature  stage  of  tho 
animal  they  are  generally  arranged  on  a  stalky  which  can  be  rolled 
up  in  a  spiral  fashion ;  there  is  a  largo  number  of  them^  and  they  are 
placed  on  either  sido  of  the  mouth.  When  these  arms  are  rolled 
up  they  are  placed  in  tho  anterior  portion  of  the  mantle-cavity 
(Pig*  lC(>j  /)  ;  they  appear  to  bo  erected  by  injection  of  blood. 
Owing  to  tho  great  develjpnient  of  these  al-ms^  and  of  the  mantle- 
folds,  the  rest  of  tlie  body  is  reduced  to  a  small  size ;  and  even  the 
organs  whichj  in  other  cases,  lie  in  the  ccelom,  may  bo  cinbeddcd  in 
the  folds  of  the  mantle  (pallial  cavity).  The  mantle  acquires  a 
respiratory  significanco  when  the  inner  lamellm  of  its  folds  are 
increased  in  surface  by  the  development  of  ridges;  it  then  functions 
08  a  gill  (Lingnla). 

The  t-entacular  processes  around  the  mouth  call  to  mind  the 
tentacles  of  tho  Bryozoa,  which  may  also  be  arranged  on  arm- 
like  structures  (lophophore) ;  but  they  can  no  more  be  com- 
pared with  these  structures  than  with  the  branchial  tufts  of  tho 
Tubicoho. 

Finally,  tho  stalk  ia^  in  the  older  forms  (Lingula),  a  long  portion 
of  the  body,  which  passes  out  between  the  two  shclh,  and  ig 
movable,  while  in  tho  Testicardinea  it  is  short  and  largely  chitiuised. 


Integument,  Shell,  and  Arms. 
§  240. 

As  the  two  shells  cover  all  the  body  except  the  stnlk,  the  parts 
of  the  surface  o£  the  body  are  only  free  within  the  pallial  cavity,  and 
aro  only  exposed  when  the  shell  is  open.  From  the  fact  that  muscles 
are  connected  with  the  integument^  we  may  suppose  that  there  is  a 
dermo-musciilar  tube.  Calcareous  spicule.^,  which  distinguish  the 
integument,  arc  found  in  tho  mantle,  as  well  as  in  the  arms.  They 
are  sometimes  branched,  but  may  be  stellate  or  form  a  network. 
The  setoD,  which  beset  the  edge  of  the  mantle  in  various  ways 
in  various  genera,  aro  of  more  significance.  Like  the  setoo  of 
the  ChaHopoda  they  are  formed  m  glandular  depressions  of  the 
integument,  and,  like  them,  are  cuticuhir  formations.  They  are 
generally  simple  structures,  which  terminate  by  a  fine  point,  and 
indicate  by  their  transverse  striation  that  they  have  been  gradually 
secreted* 

In  the  Ecardiuos  tho  two  valves  of  tho  shell  have  pretty  much 
the  same  form.  But  in  the  Testicardinos  the  dorsal  and  ventral 
valves  are  distinctly  diiferentiated.  Towards  the  stalk  they  are 
united  by  a  kind  of  clasp.  The  ventral  valve  also  is  drawn  out  into 
a  beak-liko  process,  the  punctured  end  of  which  serves  as  a  passage 
for  the  stalk,     A  skeleton,  which  projects  inw*ards,  is  developed 
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from  the  dorsal  valve  (Fig.  164,  c).     It  serves  as  a  support  for  the 
arms. 

When  first  differentiated  the  shell  is  a  soft  chitinous  layer,  which 
later  on  becomes  calcified.  The  valves  are  traversed  by  pore-canals, 
which  are  filled  up  by  villous  processes  of  the  mantle.  Between  these 
the  firm  substance  of  the  shell  is  seen  to  be  composed  of  prismatic 
bodies,  which  can  be  made  out  even  when  the  sheU  is  first  laid  down ; 
they  are  set  obliquely  to  the  edge  of  the  shell. 

Owing  to  the  great  increase  in  surface  of  the  spirally-coiled 
arms  of  the  Brachiopoda,  thanks  to  their  investment  of  tentacles, 
they  form  organs  well  adapted  for  the  respiratory  function.  In  the 
first  place  the  tentacular  filaments  are  suitably  arranged  for  respira- 
tion. They  are  in  communication  with  the  blood-sinuses  which  pass 
along  the  arms.  In  their  functional  relation  they  may  therefore  bo 
regarded  as  gills.  The  two  arms  are  connected  with  one  another  at 
their  bases,  which  are  directed  towards  the  middle  line.  A  fold 
above  the  mouth  extends  on  either  side  on  to  the  arms,  and  aids  in 
marking  off  a  groove,  which  extends  from  the  arms  to  the  mouth. 
The  tentacles  or  cirri,  which  are  arranged  in  two  rows,  and  closely 
approximated,  rise  up  on  the  other  edge  of  this 
groove ;  they  extend  to  the  end  of  the  arms. 


Muscular  System. 

§  241. 

Besides  the  muscles  of  the  dermo-muscular 
tube,  such  as  those  of  the  mouth  and  of  the 
arms,  we  find  in  the  Brachiopoda  a  number  of 
independent  muscles,  which  traverse  the  coolom, 
and  serve  to  open  and  close,  as  well  as  to  turn 
the  shell  (cf.  Fig.  164).  According  to  their 
function  they  traverse  the  coelom  in  different 
directions,  and  arise  from,  as  well  as  insert 
themselves  into,  the  valves  of  the  shell,  so  that  they  may  be  regarded 
as  differentiations  of  the  dermo-muscular  tube,  which  were  formed 
when  these  valves  were  formed. 


Fig.  164.  Mnfionlar 
BjBtem  of  T  e  r  e  b  r  a  t  u  1  a. 
a  h  The  two  halves  of 
the  shell,  c  Support  for 
the  arms,  d  Stalk,  ef 
g  h  Muscles  for  opening 
and  closing  the  shell 
(after  Owen). 


Nervous  System  and  Sensory  Organs* 

§  242. 

The  nervous  system  is  very  peculiar ;  it  alone  would  justify  tiB 
In  giving  the  Brachiopoda  an  independent  position.     It  is  made  up 
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of  masses  of  ganglia,,  wliich  Ho  near  the  cesopliagus  (Pig.  163, 
A  larger  gaiigliou  lies  transversely  across  aud  below  the  oesopliAgiis, 
or  ratherj  owing  to  the  downward  bond  of  the  tesophagus,  behind  it 
(in  the  Terebratulida) .  Two  nervre-trnnks  pass  off  from  it  towards  the 
posterior  region,  and  brejtk  np  into  nerves  for  the  stalk ;  they  are  pro- 
vided with  swellings  (/i).     The  nerves  for  the  ventral  lamella  of  the 

mantle  are  given  off  from 
the     swelUngs     on     these 
trunks.      From    the    large 
ganglion,  however,  a  nervo- 
trunk  is  given  off,  on  each 
side,  to  the  dorsal  lamella 
of  the  mantle,  as  well  as  a 
neiwo    to   the  arms.      Two 
iine  filaments  surround  the 
oesophagus  and  pass  into  a 
smalt   ganglion  J   placed  in 
front  of,  and  therefore  an 
the  dorsal  side  of^  the  ceao- 
phag'ns ;    this  is  connected 
with  the  other  ganglion  hy  a 
commissure.  In  this  way  an 
ojsoplmgeal  ring  is  formed, 
and   the    only    question    is 
whether   the    small    upper 
ganglia    represent    centi'al 
ganglia  or  not.     If  so,  then 
there  is  this  peculiarity,  that 
the    nerves    for    the   arms 
arise  from  the  ventral  gan- 
glia, and  we  can  hardly  re- 
gard the  arms  themselves  aa 
homologous  with   the  ten- 
tacles of  Vermes,  even  if  it 
could  be  shown  that  the  gan- 
glionic parts  ill  the  cesopha- 
gcal  ring  had  altered  theii' 
position.    The  ventral  gan- 
glionic   mass    must    appa- 
rently he  compared  w^ith  a 
shortened    ventral    gangli- 
onic chaiu ;  but  to  make  a  safo  comparison  we  must  have  more  exact 
information  as  to  the  facts. 

The  slight  development  of  the  superior  ganglia  is  correlated 
with  the  absence  of  higher  sensory  organs,  and  this  absence 
appears  to  be  an  acquired  condition,  for  tho  four  pigment  spots, 
found  on  the  first  segment  id  the  larva,  point  to  the  existence 
of  visual  organs  (Fig.  103),  and  lead  us  to  suppose  that  there  were 
eyes  in  the  ancestral  forms.  The  two  vesicles  found  in  another  larval 
form  similarly  point  to  the  preyious  existence  of  auditory  organs. 


f 


¥[g,  105.  Nervous  eysteiii  of  Waldheimia, 
frtjm  tho  dorsal  surface.  Tbo  doraiil  valvo  hau 
be«ii  removed,  as  well  aa  the  left  half  of  the 
dorsal  mantle,  D.  V  Loft  half  of  the  Tcutial 
lamella  of  the  mantle.  P  Stalk,  il  Q^aophngust 
Liit  ihroiij^h*  (A  pair  of  ganprlin,  which  Ho  id 
fruutolthe  ceaophugns.  and  which  ore  connected 
with  tho  grangliou  (n)  by  fioe  lilanneiit^,  arc 
not  ligored.)  ji  Antmor.  u  Posterior  ccaophn- 
gcal  ganglioti.  i?^  ftcneratu'c  organa.  inOcclnBar. 
muBole.  tn'  Divnricator*  ui"  Ventral  adjuetor. 
iti"  AccesatJiy  Divarioator  (wfter  A.  TlQiicock). 
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AJimentaxy  Canal. 
§  243. 

In  the  BrachiopcxJa  the  enteric  tube  commences  hj  the  month, 
which  in  placed  in  the  raantle-cavitj  between  the  two  arms ;  tlience, 
and  without  any  accessory  organs,  ifcpasseSj  generally  in  the  form  of 
a  short  caualj  into  the  widened  mid-gut  (Fig*  160^  it);  this  is 
generally  known  as  the  stomach.  The  portion  which  arises  from 
this  paswes  into  an  enteric  loop  in  Liognla,  which  turns  towards  the 
right  side,  and  opens  at  the  anus  into  the  man  tie-cavity.  This  last 
portion  of  tlie  enteron  is  rudimentary  in  the  Testicardines,  and 
generally  terminates  by  a  caecal-sac  which  turns  towards  the 
ventral  valve  of  the  shell ;  from  this  a  solid  chord,  which  is  perhaps 
the  oblitei-ated  remnant  of  the  enteron ,  m  sometimes  continued  on. 
The  end  is  sometimes  widened  out  into  a  bulb, 

A  special  peculiarity  in  the  Brachiopoda  is  the  way  in  which  the 
enteron  is  attached.  A  lamella  extends  from  the  mid-gut  to  the 
w^all  of  the  body ;  this  is  the  gastro- parietal  band,  which  thus  forma 
a  kind  of  partition  in  the  coelom.  It  might  be  regarded  as  a  dis- 
tiepimentj  formed  in  connection  with  the  already  noted  metamerism 
of  the  body*  This  view  of  its  meaning  is,  when  we  compare  it  with 
the  arrangementB  seen  in  the  Annelides,  confirmed  by  its  relations  to 
the  excretory  organs.  A  second  lamella^  the  ileoparietal  band,  is 
similarly  attached  to  the  hind-gut* 

All  the  Btructures  worthy  of  note  which  are  differentiated  fi^om 
the  enteric  wall  are  to  be  found  in  the  mid-gut.  They  have  the 
form  of  branched  tubes,  which  in  many  open  into^  or  behind,  the  en- 
largement of  the  enteron,  already  spoken  of  as  the  stomach,  by  several 
pores  (Crania),  aad  in  others  are  united  into  several  (four)  efferent 
ducts  (Lingnla) ,  They  are  more  largely  developed  in  tho  Testicardiucs, 
where  they  are  aiTanged  in  two  lateral  groups  of  glands,  which 
surround  the  stomach,  and  are  generally  connected  with  it  by  a 
number  of  ducts  on  either  side  (Fig.  IGG,  A'). 


Ccelom  and  Circulatory  Organs. 

§  244. 

Tho  ccelom  is  divided  by  the  organs  which  are  embedded  in  it 
and  by  the  muscles  which  traverse  it,  into  seveml  coutinuons  spaces 
w^hich  are  connected  with  the  vascular  system,  and  so  form  ha*mal 
passages.  These  are  also  continuet!,  as  sinuses^  into  the  lamellae  of 
the  mantle,  and  into  the  arms;  in  the  former  they  break  up  peri- 
pherally, and  so  come  to  be  regularly  ammged.  Tho  vascular 
apparatus  ramifies  in  these  Bpaces.     The  chief  point  as  to  theif 
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goDoral  arrangement  is  tliat  the  large  trunks  ran  dorsally  along  the 
enteron ;  in  this  they  may  be  seen  to  resemble  the  arrangements 
which  are  found  in  the  Vermes.  But  the  special  points  in  this 
system  of  organs  require  further  investigation. 

A  saccular  organ  lying  above  the  stomach  is  regarded  as  the  heart ; 
this  receives  a  vascular  trunk  which  runs  from  in  front  above  the 
oesophagus^  and  gives  off  lateral  branches.     The  former  is  regarded 
as  an  afferent  vessel  (vein).    It  seems  to  collect  the  blooa  from 
lacunas^  which  are  placed  around  the  enteric  canal.    Two  lateral 
vessels  given  off  from  the  heart  are  united  in  the  Testicardines 
(Waldheimia)  for  a  short  distance.     In  the  Ecardines  (Lingula)  they 
are  not  given  off  till  later  from  a  median  longitudinal  trunk  which 
passes  backwards  on  the  enteron.     Two  arterial  trunks,  which  have 
been  called  aortas,  soon  divide  into  two  branches,  one  of  which  passes 
forwards  and  the  other  backwards.     The  anterior  one  represents 
the  dorsal  pallial  artery,  which  divides  into  a  median  and  a  lateral 
branch,  and  supplies  the  mantle  and  the  organs  which  lie  in  it. 
Smaller  arteries   are   given    off   from    the    lateral   branch  to    the 
lacuna)  of  the   mantle;    they  pass  to    the  edge  of  it,  and   then 
open  after  having  divided  several  times.     The  hinder  branch  of 
the  aorta  also  divides  into  two  arteries.     One  runs  along  the  middle 
line,  and  forms,  with  its  fellow  of  the  other  side,  an  arterial  tmnk 
which  passes  to  the  stalk.     The  other  artery  turns  forwards,  and 
again  divides  into  two  branches  in  the  ventral  lobes  of  the  mantle 
where  it  ramifies,  in  just  the  same  way  as  the  dorsal  pallial  artery. 
On  the  two  pairs  of  pallial  arteries  there  is  a  pouch-like  appendage^ 
or  accessory  heart.    The  blood  seems  to  pass  from  the  ends  of  Sie 
arteries  into  wider  lacunas  which  are  placed  in  the  mantle,  as  well  as 
between  the  viscera,  and  around  the  muscles ;  and  these  are  con- 
nected with  a  complicated  system  of  canals,  which  traverses  the 
arms,  and  is  divided  into  an  efferent  and  an  afferent  portion. 

As  the  mantle  is  a  secondary  structure,  its  blood-vessels  may  be 
regarded  as  being  so  also.  The  pallial  arteries  are,  therefore,  of  little 
importance,  and  the  large  trunks  which  accompany  the  enteron 
become  of  greater  morphological  significance.  The  heart  appears  to 
be  a  unilateral  enlargement  of  the  longitudinal  trunk,  as  are  also 
the  accessory  hearts  of  the  pallial  arteries. 


Excretory  Organs. 

§  245. 

The  excretory  organs  found  in  the  Vermes,  and  adapted  to  the 
presence  of  a  coelom,  are  also  found  in  the  Brachiopoda,  where  they 
have  essentially  the  same  characters.  Like  the  looped  canals  of  the 
Annelides,  these  organs  have  an  internal  and  an  external  orifice,  so 
that  I  have  no  hesitation  in  regarding  these  structures  as  homologous, 
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ovuu  tliougli  tlieir  function  be  modifietl.  There  ai'o  either  ouo  or  two 
pairs  of  them.  When  there  are  four^  two  of  thein  belong  to  tho 
80-calleJ  dorsal,  and  two  to  the  ventral  half  (Rbjnchoaelhi) ;  this 
points  to  the  presence  of  two  metameres,  which  liavo  disappeared  in 
this  portion  of  tho  body.  The  dorsal  ones  are  absent  in  Liiignhi 
and  the  Torebratulida.  The  canals^  wliich  generally  open  to  tho 
exterior  near  the  base  of  the  arms^  open  into  the  cu?lom,  after  having 
taken  a  bent  couracj  by  fnunel-like  enlargeraeDts  (Fig.  10(>j  r), 
which  are  distingnished  by  their  radially -arranged  folds.  Thiii 
orihce  passes  through  the  ileoparietal  baud^  and  is  thn^i  directed 


Fiff.  166.  lateral  view  of  tlio  orgttJiisaUon  of  Waldheimia  UTiatrnlia.  D  Doi*sal, 
y  Ventral  aurfacir.  P  Stalk.  It  Spirallv-coiletl  arms,  hr  Bmnchial  GlftinoDls.  c  Aq- 
terior  wail  of  the  permsceral  cavity^  d  CEsopha^us.  (V  Mid-^iit.  /i  Liver,  h  Its 
openings  into  tho  mid >gtit.  r  Intemol  orifico  of  tho  right  oviduci  (aomo  folds  only 
of  the  left  oviduct  can  be  seen).  0  Brachial  caoal.  m  m^  ht"  m*  Muaclos  to  movo 
the  valves  of  the  shell  (after  A.  Haacock). 


tuiYards  the  pericardial  cavity.  The  ileoparietal  band  resembles 
therefore,  in  its  relation  to  the  internal  orifice,  a  dissepiment  of  the 
Vermes  (el  supra,  §  243). 

Altbougli  the  wails  of  these  cauals  appear  to  be  glandular  in 
character,  owing  to  the  possession  of  projections^  Tillous  processes, 
or  folds,  we  know  nothing  of  their  function^  sayo  that  they  have  a 
relation  to  the  generative  organs;  so  that  they  appear  to  form  an 
oviduct,  and  have  indeed  been  hitherto  regarded  as  being  such.  And 
as  tho  looped -canals  serve  as  parts  of  the  geuerativo  apparatus  iu 
tho  Gophyrca  and  Arm  elides,  it  is  not  to  be  woudered  nt  that  they 
have  tli^  same  relations  in  the  Brachiopoda;  but  this  does  not 
exclude  the  possibility  of  theii*  having  an  excretory  function  also. 
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Generative  Organs. 
§  246. 

In  8omo  of  the  Brachiopoda  the  arrangement  of  the  generative 
organs  is  hermaphrodite^  so  that  the  separation  of  the  sexes  seems 
to  be  an  exception  (Thecidium).  The  organs  merely  consist  of 
germinal  glands,  in  which  the  sperm  and  ova  are  formed.  In  the 
hermaphrodite  form  there  are  four,  and  in  Thecidium  two,  glandular 
masses.  In  the  Ecardines  they  lie  in  the  coelom,  partly  surround- 
ing the  enteron  and  the  muscles;  in  the  Testicardines  they  form 
rounded  masses  in  the  cavity  of  the  two  lamellae  of  the  mantle  (con- 
tinuations of  the  coelom)  (Fig.  165,  g);  in  either  case  they  call  to 
mind  the  character  of  the  generative  organs  of  the  Gephyrea,  and  of 
the  Annelides.  In  the  dioecious  forms  they  are  ovaries  in  one,  and 
testes  in  the  other.  It  is  not  known  what  relation  there  is  between 
the  ovarian  and  seminal  regions  in  the  monoecious  forms.  The 
generative  products  escape  into  the  coelom. 

The  excretory  organs  act  as  the  efferent  ducts  of  the  generative 
glands,  so  that  here  too  a  primitively  unconnected  apparatus  func- 
tions as  an  oviduct,  or  as  a  seminal  duct,  according  to  the  sex. 


Seventh  Section. 


MoUosca. 

General  Review  of  the  Group. 
§  247. 

The  general  characters  of  the  body,  and  of  its  various  systems  of 
organs,  distinctly  define  the  phylum  of  the  MoUusca.  Owing  to  the 
absence  of  any  distinctly-marked  external  metamerism,  the  body 
appears  to  be  more  compact  than  in  the  Arthropoda  or  Annulata 
among  Vermes ;  indications  of  metamerism  may,  however,  be  made 
out  in  various  organs.  The  supraoesophageai  position  of  the 
central  nervous  system,  and  its  connection  with  lower-lying  ganglia, 
or  with  commissures  surrounding  the  pharynx,  when  taken  in  con- 
nection with  the  position  of  the  heart,  which  is  always  dorsal,  are  the 
definitely  typical  characters  of  this  division ;  to  which  we  may  add 
that  in  most  forms  shells  are  developed  from  the  dorsal  surface. 

The  complete  disappearance  of  their  primitive  metamerism,  and 
the  gaps  that  there  are  between  the  classes  here  united  together,  are 
completely  explained  by  the  early  appearance  (palsBontologically 
speaking)  of  most  of  the  classes  of  the  MoUusca ;  while  the  forms 
still  living  are  seen  to  be  an  exceedingly  small  part  of  the  phylum, 
which  was  rich  in  forms,  but  which  has  been  continued  on  in  a 
relatively  small  number  of  divisions.  As  yet  we  know  very  little  of 
the  phylogeny  of  the  MoUusca,  but  their  metameric  arrangements, 
as  indicated  by  their  internal  organisation,  point  to  their  affinity  to 
segmented  organisms,  the  nearest  allies  of  which  were  some  of  the 
Vermes. 

Although  we  can  classify  the  various  orders  as  higher  and  lower, 
yet  all  the  systems  of  organs  have  not  been  developed  to  the  same 
extent,  so  that  we  are  able  to  find  distinct  proofs  of  the  affinity 
between  every  single  division  and  lower  forms. 
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I  submit  the  following  sketch  of  the  classification  of  the  group, 
and  would  remark  that  many  of  the  older  views  took  note  of  varia- 
tions, which  would  still  further  separate  the  divisions,  and  especially 
the  smaller  ones,  of  the  group. 

I.  Placophora. 

Chiton,  Ciyptochitoxi. 

II.  Conchifera.* 

Lamellibranchiata. 

Asiphonia. 

Ostrea,  Anoxnia,  Fecton,  Mytilos,  Axca,  Anodouta,  Uiiio^ 
Biphoniata. 

Chama,  CarOiom,  CyclaB,  Venus,  Tellina,  Mactra,  Solon,  PhoUu, 
Teredo. 

Scaphopoda.t 

DentAliom. 

Gastrbpoda.J 

ProBobranchiata. 
Chiastonenra. 

Zeagobranchia. 

Fissorella,  Haliotis. 
Anisobranchia. 

Patella,  Trochiu,  Littorina,  Cyclostoma,  RutK)a,  Paludiaa, 
Torritella. 
Orthoneura. 

Nerita,  Janthina,  Valvata,  Sigarotus.  Marscnia,  Cypmea, 
Ccrithiom,  Strombus,  Ptorocera,  Dolium,  Caraia,  Tri- 
toniom,  Volnta,  Harpo,  Bnccinum,  Nojssa,  Porpora, 
Morez. 
Heteropoda.§ 

Atlanta,  Carinaria,  Pterotrachea. 
Opisthobranchiata. 
Tectibranchiata. 

Bulla,  Aplysia,  Ploorobranchns. 
Nudibranchiata. 

Tritonia,  Polycera.  Aeolidia,  Phyllirho8,  Doris,  Pbyllidia, 
Pleurophyllidia. 
SacogloBsa. 

Elysia,  Limapontia,  Placobmnchns. 
Palmonata.|| 

•  What  led  me  most  to  unite  all  tbe  Mollnsca,  with  the  exception  of  the  Chitonidac, 
into  one  great  division,  to  which  I  have  given  the  name  Conchifera,  was  the  considera- 
tion  that  we  mnst  recognise  the  great  significance  of  the  shell  as  affecting  the  whole 
organisation  of  these  animals.  But  although  the  Placophora  are  thereby  sharply 
marked  off  from  the  rest,  I  do  not  see  that  there  is  any  sufiloient  reason  for  removing 
them  altogether  from  the  Molloscan  phylum,  for  it  is  possible  to  make  out  in  them 
many  points  in  which  they  agree  with,  and  are  consequently  allied  to,  the  Gonchifera. 
I  regard  the  Placophora  as  the  remnant  of  a  division,  the  forms  of  which  were  allied 
to  the  Solenogastres  (p.  127)  on  the  one  hand,  and  on  the  other  were  the  predecessors 
of  the  Gonchifera. 

t  The  Scaphopoda  form  a  division  which  is  allied  to  the  Lamellibranchiata  as  well 
as  to  the  Gastropoda ;  but  they  must  not  be  regarded  as  a  mere  intermediate  link. 

t  The  Zeugobranchia  are,  in  many  points,  the  oldest  of  the  Gastropoda. 

§  I  regard  the  Heteropoda  as  an  order  which  has  branched  off  from  the  Prose 
branohiata,  and  is  closely  allied  to  the  Orthoneura ;  but  which  has  developed  special 
characters  which  are  not  equal  in  value  to  those  of  the  Orthoneura. 

y  The  organisation  of  the  two  divisions  of  the  Fulmonata  does  not  seem  to  me  to 
be  so  markedly  divergent  as  to  make  them  of  equal  value  with  the  two  other  orders  of 
the  Gastropoda.  We  cannot  as  yet  form  a  de&iite  opinion  as  to  many  of  the  genera, 
e.g.  Onchidinm,  of  the  Nephropneusta. 
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Gastropoda  {contmued). 

Branch  Jiopno  as  tdi. 

Lyma^ttf,  nMurbii,  AmricolA* 
Nephropa0ii»ta. 

HeUXy  Btiiimo^t  djvanilia,  Zimax,  ilrioa. 

Pfceropoda* 

ThecoaomAia. 

HyalcA^  Cleo<lora»  Cliresoi*»  Cymbnlift, 
GymnoAomata, 

Clio,  PneuniCHtlennoa, 

Cephalopoda.f 

Tctrabranchintfl. 
Naatilns. 
Diliiranehiata. 
Doc»po<lEL. 

Bpintla,  Sepia,  B^piola,  Lolfgo^ 
Octopotlft, 

Octopus^  Tremoctopas,  Blodcme,  Argowmtn, 
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Liiutciiir,.  H.,  SSooiog.  UDLerHOCh.  III.  Gieadcn«  1851.— GiotiiriiJLUB,  C.p  UntQiia.  Qb.  Pbaropodeti 
n.  t]cU3ropo*lea.  Leipzig,  ls55.— KioK:f,  A,»  Bcitr.  z.  EntTv.  d.  Ptoropoden  n.  Heteropoden. 
Luipzig,  l40a.^JLijticirBTBH  Rir,  Conlrib.  to  tb«  develop,  ol  tho  MoUuiica.  PbitoBOpb.  TriLiieao* 
li^ro.— V.  JniBiiro,  VcirgloicbL'nde  Aiifttomio  de«  NervensyBtoma  i  "  *  '  '  --  -  - 
Leipsiff,  ie7f. 
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Plaeophora:^  V.  MiD^iirBOBrr,  AnBt.  v.  Cbito©*  M^m,  AcarL  do  SL  Pt'torabourg.  VI,  ti.  1*4I>.— 
LoviN,  S.,  Of  vera.  K.  Vet.  Acod.  FSrhflnd.    Stockholm,  lf35.    {Arcli.  f.  Nat.  18*0.) 

La,melllbranalii&ta :  Foli,  TmUcea  atrinaciaG  Sicilian  eominqae  historiji  et  anatomo.  m,  Tom 
iri*l-17tt.5.— BojAjrirBj  Uober  die  Atbem-nnd  Kruuilanfwi^kzeD^  der  iweiflcbaligen  Muscbelri, 
liiiM,  im%  18a%  1827.— Bmhatb*.  Art.  Oonchifora  in  Todd'a Racyolopoedla,  Vol.  [,  1836.-  Gas wkb. 
On  the  anatomy  of  the  ImnoIUbmncUiate  Uoachifem.  Tmoaact,  Zoolog,  Boa.  Lcmdon.  V(il  11. 
1841. — QiTATiKFACiKS^  Aiiatoriiie  vnriTiii*otlo.  Ami.  dra  sc*  imt.  HI.  ii.— LoiriM,  S,»  Bidra^  till 
kimkodomen  om  utvocklingen  of  Moll,  acepbulu,  Koripl.  VotetiMk,  Acod.  Hand],  Stockholm, 
I860.— Kkskji,  Beitriffo  zur  AnaMinie  uxul  Phy»iologio  der  Wciubthicro.  ISSl.— Davaistb,  t',,  gjir 
la  j^i^u^rat  doa  Maltnsfl*  Paris,  lH5:J,— V.  Htasbtira.  Die  PoTlmuscbelu.  Leip*{g,l>)50.— Lacaxb- 
DirTKiKM,  Aimtomio  von  Anouiia.  Ann.  «c.  imt.  IV.  it.— L.  Vail.i.4NT,  8ur  la  fam,  de  Tridac- 
nidea.  Aan.  sfl.  Dftt.  V.  iv.— SauatieHp  A.,  fitudos  sar  la  utoute  c^tomune.  Miifni.  de  rAciul.  dca 
He.  de  MontiK'Hier.    Ift77. 

Scaphopoda:  hxcxtE'DcTKi^ua,  MiaL  nati  orgaok*  d^relopp^nioiit,  etc*  da  Beutale,   Paris,  la^sa. 

Qastl^poda :  Noidmaxjt,  Monographic  dca  TeTgii>08  BdwurdalL  Mini,  de  FAcyml.  Imp^ri&le  de 
8t.  fi5tcn*t>oarg.  IV.  lHt3.~ALi>iiR  and  Hjiircocjf,  Monograph  of  the  Britiab  Nudibrnuchiate 
MottuBc:!.  Rivy  Soc.  I. — Vll.  W15-55.— HAJfcoc*  and  KHiiLRTOir,  On  the  Anatomy  of  Bolia, 
Ann.  and  Mng.  of  NaL  IIib.  XV.  Itwfi.— The  aame,  On  the  Anatomy  of  Doris,  PblL  Tnuis.  1HS2, 
I*t.  if.— Ha* COCK,  Anii^Ujmj  of  Doridop-Hia.  Tniiie,  Linn.  Sue.  XJCV,— Ljkydio,  Ueber  Faladitm 
vivipara.  Zeitocbr.  f.  vrisa.  ZooL  IL—Uvxhitr,  On  tbo  morphology  of  eepbulaim  MolluBca. 
Phil.  Ti-unfl.  1H53,— Bkbou.  Bidrog  til  en  Moaoffrapbi  of  Marsaniaderae.  KotigrL  danak. 
Vinkmek.  SeUk,  akrifter.  IM^.— Th«  aaaie,  AnatotnIikUDder»6gel»©of  Fioim  atlanUca.  Vidcnsk. 
Moddelctecr  for  1857. — The  ftaine,  AimtomlAk  Bidrag  til  Kondakab  om  Aefjlidiemc.  Dansko 
Videnakab.  Seinkabs.  Hkrif  tor,  iStH— Thetame,  Bidrag  til  en  Monograpld  af  Plenrophy  llidierne. 
Nuturbiat.  Tiduiikrift.  3  Rilkke.  t  Bind,  1800.— The  saioo,  Bidrag  til  en  Monographi  of  Phylli- 
dierno.  ttKSiid.  fi  Bind.  ISfHJ.— Tbe  Bame,  MabMSolog.  Uiiter«iich»  Heft.  I.— X.  Wiesbad.  1870-7*1. 
— CLArimtDM,  Anatomie  nnd  Knt^vickcliingt^geBcb.  dor  NoriUoa  f^nviatili^.  Arch.  f.  AnaJL  1S57. 
—The  aame,  Beitrigo  Kiir  Anat.  deaCycloatomaolegaas,  ibid.  1858.— Lie tzi-DimiiKiw^  Anatnmie 
da  Pleurobmncho*  Ann,  oat.  &c.  iV.  xi. — The  Aame,  Anat.  ct  rKnitbryogunie  dee  Vormotii, 
Ann.  BO.  nat,  IV.  xiii.— Liwsos,  Anat.  otc.  of  Limiix  maximii«.  Quart.  Joanml  of  Micr.  Sc» 
1803.— FoL,  H.,  8ur  le  d^veloppemeatdea  Hi?ti?roptMles  et  dea  Git«toropadea  polmoudee.  Couiptea* 
rtmdua.    T.  LXXXl.  Hot.  U  et  IS.    Archives  de  zoologie.   T.  V. 

•  In  many  points  of  fclieir  organisation  the  Pteropoda  mdioaie  a  rolationaliip  to  the 
Cephalopoda^  but  this  can  only  be  regarded  aa  a  wry  distant  ono. 

f  Most  of  the  oU!€JSt  fossil  foruia  probably  belonged  to  the  Tefcrab  much  rata,  irhieh 
are  rcpreflontod  by  only  one  extant  gennfl  j  at  tbo  same  time  iheSQ  fospil  form^  varied 
greiitU'  in  character. 
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Fteropoda :  EacnmiOKT,  Ueber  d.  Olkme  borealia.  Kopenhftgcn,  1838.— ?aL,  H.,  Snr  I0 

mimt  ilM  Pteropode*.    Arotiivca  do  xoologie,    T,  IV. 

Oeplialopoda :  Gkaxt.  On  LoH;?opHiH,    Trans.  Zool.  Soe.  1935.— OwiiTt  Momoir  on  tfw  Feariy 

«»afciliia»    London,  1838.— Tlio  same,  Ajlicto  on  Ceplmlopodit  In  TcKld'a  Cyelopaadi*.    I.    ISM.— 

VAtETcriyjfl!*,  Nouvellen  recboTehwR  atir  lo  Nantilc  fliunb^.    ArcliiTea  da  Mnsenoii.   ISil.^ 

FtTBBfi.  Anatomio  der  Sepiola.     Arcb.  f.  Anat.   1^13,— KoLLtcxn,  EntwickelQaijmeaelu  der 

Cephfllopoden.    Zfirich,  I84k— Vait  htsw  IIoeyhw,  Bijdrageti  tot  do  Ont.te«dkutidifte  minxum  mma- 

mdD  NaqUIoi  pompiliu».      AmHt^rdKin,   l^^'tO.— GnmrACiriiii,  Zar   Entwirk.   cL  Cephalopod. 

iUohrift  f.  wiia.  Zoolog.  B<1  XXtV.  p.  U9,— Foi,,  IT,.  Not«  ».  I.  iL'votoppement  d*»  Molla«Qii«s 

,.Topodo«  et  c^phftlopodofl.    Aroh.  do  kooI,  T.  HI.— Bobavtakt,  Unr<n«ucli.  fiber  die  Batmdc- 

fungder Oophftlopoden.    Nacbn d. k, OeMllach. der  Pronnde iL Nfttnrkenntnisa  etc.  zxk  Jlmkma, 

Id.  XXIY,  (RttSfiiAn.)   [Bat  LAVXUtst^  Dovoloptucut  of  Cfplialopoda,  Qn&rt^  Joum.  lOc.  Sci. 

1871.] 


Form  of  the   Body. 

§  248, 

The  general  form  of  the  body  of  the  Molluscs  must  be  reg^rde^ 
as  one  bo  much  altered  by  the  relative  positions  of  many  organs, 
owing  to  the  formation  of  shells,  that  it  has  only  been  possible  to 
recognise  a  groond-fornjj  which  shall  represent  the  common  orig-in, 
by  comparing  the  earher  larval  stages  with  several  mature  forms. 
The   Pkcophora  have  a  worm-like   larva^  and  a  similar    kind    of 
external  metamerism  is  indicated  by  the  number  of  circlets  of  cilia 
seen  in  the  Gymnosomatoua  Pteropoda-     The  rehitions  thus  implieHl 
are  retained  by  the  Placophora  hi  their  mature  condition,  at  least  in 
the  dorsal  portion  of  the  body.     This  is  separated  from  the  ventral 
portion  by  a  groovej  and  so  defines  two  regions,  which  are  found 
also,  under  the  fonn  of  "mantle^'  and  *^foot,"  although  much 
changed,  in  the  Conchifera.     The  differentiation  of   a  gutter-like 
ventral  surface  in  the  Solenogastres  (ef.  p.  130),  as  ha,s  been  already 
explained,  points  to  the  MoUusca  having  genetic  relations  to  the^ 
worms;    this  supposition   is   conBrnied   by   the   chamcters  of  th< 
nervous  system. 

The  Lamellibranchiata  and  Gastropodaj  as  well  as  the  thecosoma- 
tous  Pteropoda,  develop  a  well-marked  circlet  of  cilia  in  the  region, 
which,  later  on,  corresponds  to  the  head ;  this  circlet  is  afterwards 
carried  on  a  special,  symmetrical,  and  lobcd  process^ — the  Velum. 
The  primitive  significance  of  this  circlet  is  clearly  shown  by  its 
presence  in  otherwise  divergent  divisions,  and  is  even  still  more 
important  from  the  fact  that  we  can  recognise  in  this  organ  the 
circlet  of  cilia  which  suiTounds  the  same  part  of  the  body  in  many 
Vermes  (cf,  §  107).  The  velum  of  the  Molhisca  may  therefore  bo 
regarded  as  an  organ  inherited  from  a  lower  stage. 

Below  the  velum  the  rudiment  of  the  opening  into  the  enteric 
cavity  is  formed.  As  in  the  Placophora,  the  formation  of  a  doi^sal 
shell  in  the  Lamellibranchiata  does  not  prevent  the  enteric  tnbo 
from  being  continued  to  the  aboral  polo  of  the  body ;  for  in  the 
Placophora  the  shell,  as  well  as  the  m  an  tl  e  which  carries  it,  is  adapted 
to  the  whole  body,  and  in  the  latter  it  is  principally  developed  at  the 
eides.  We  are  able,  therefore,  to  distinguish  a  primary  axis,  which 
extends  from  the  oral  to  the  anal  pole,  and  which  is  croBsed  by  two 
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secondary  aud  variously-differentiated  axes^ — the  dorso-ventral  and 
the  transverse.  The  body  is  therefore  of  the  oi%inal  eudiploural 
form,  which  is  the  dominant  cue  in  the  Vermes  and  Arthropoda. 

These  relations  are  different  in  the  Gastropoda,  where  the  dorsal 
cup-hke  shell  gradually  encloses  the  greater  part  of  the  body,  and 
leaves  a  amall  portion  only  of  the  surface  of  the  body  exposed  in 
addition  to  the  head  and  foot.  So  that  while  in  the  previous  case 
the  shell  wa,s  adapted  to  the  body,  in  this  case  the  soft  parts  of  the 
body  are  adapted  to  the  single  shell.  The  body,  therefore,  becomes 
asymmetrical,  and  the  aboral  pole  no  longer  carries  the  anus,  which 
becomes  lateral  in  position  in  consequence  of  the  flexure  of  the 
enteron ;  this  Hexure  is  due  to  the  formation  of  the  shell.  All  of 
the  many  variations  from  the  symmetrical  ground-form,  which  aro 
seen  in  the  (Jastropod-body,  may  be  regarded  as  due  to  this. 

The  primitive  similarity  in  the  form  of  the  body,  due  to  the 
possession  of  a  shell,  undergoes  great  modifications  even  among  the 
Gastropoda;  the  Veliger  stage  is  not  always  developed,  and  has 
never  yet  been  observed  in  the  Cephalopoda.  But  even  in  this  class 
the  form  of  the  body,  and  the  disposition  of  its  viscera,  may  bo  seen 
to  be,  in  all  forms,  due  to  the  possession  of  a  shell. 


§  249, 

The  velum  has  different  functions  in  different  divisions.  In  the 
LameUibranehiata,  where  it  functions  for  some  time  as  a  locomotor 
organ,  bnt  where  it  is  never  independent  and  soon  atrophied,  its 
function  is  not  very  great.  This  may,  perhaps,  be  correlated  with 
the  rudimentary  character  of  the  future  head,  and  this,  again,  with 
the  rapid  disappearance  of  the  free  mode  of  life  in  this  division 
( Acephala) . 

Two  folds,  however,  which  aro  given  off  laterally  from  the  dorsal 
Burface,  become  couBiderably  developed  and  form  a  mantle;  they 
fiurrotmd  the  body,  and  excrete 


the  shell,  which  corresponds 
with  the  lamella©  of  the  mantle 
in  form  and  size. 

A  space,  which  functions 
as  the  respiratory  cavity,  is 
developed  between  the  edges 
of  the  mantle ;  branchii©  are 
developed  from  the  body- wall, 
and  project  into  it  (Fig.  167, 
A  br).  In  a  few  limelli- 
branchs  (Aeiphonia)  this  en- 
trance into  the  mantle-cavity 

is  a  cleft  of  some  size,  by  which  water  passes  in  and  out, 
and  so  carries  in  nutriment  and  removes  excreta.  In  most,  the 
two  edges  of  the  mantle  grow  together,  and  so  shut  off,  more 
or  less  completely,  the  cavity  which  surrounds  the  gills,  and  cause 


Fig.  1<37.     Diugtuni  of  the  retations  of  tho 
foot  and  mantle,  as  BPerv  in  trana verse  sec- 
tion,    A  In  LaraoUibranohiata,    B  lu  Cepha. 
Io|>boni,    m  Mantle,  p  Foot,    hr  Bmnchiro. 
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the  two  streams  of  water  to  enter  and  escape  from  it  with  greater 
regularity. 

The  least  amount  of  concrescence  whicli  is  observed,  gives  rise  to  an 
anterior  larger,  and  a  posterior  smaller^  orifice  (Mytilidje) .  Tlie  f  onner 
serves  as  an  outlet  for  the  foot,  and  as  the  orifice  of  entrance  for  the 
food, while  the  latter,  in  correspondence  with  its  position,  is  the  orifice 
of  exit  for  the  f cecal  matters,  and  of  the  water  that  has  sensed  for  respi- 
ration.  In  the  ChamaceaB  there  m-e  also  two  large  openings  behind 
the  anterior  and  larger  deft^  through  which  the  foot  is  protruded,  and 
which  serve  respectively  for  the  entrance  and  exit  of  water;  this  is 
an  aiTangement  which  attains  a  higher  grade  of  development  in  a 
large  division  of  the  Lamellibranchiata  (Siphoniata),  That  part  of 
the  mantle  which  surrounds  these  orifices  forms  an  elongated  tube 
(siphon),  which  undergoes  other  modifications  in  addition  to  its  con- 
crescence.     The  respiratory   tubes   may  sometimes  be  formed  by 


Fig.  168.    Lateral  Tiew  of  tho  mantlc*cavity  of  a  Mnctra;  tbo  nght  rDatitle*lainell» 

hftA  been  remored.      br  h/  Brancliiit^*     t  Tentacle,      ta  ir  Siplions.      vva  Anterior, 

mp  Posterior  adductor,    p  Foot,     c  Umbo, 

separate  portions  of  the  mantle ;  or  there  may  be  a  respiratory  tube, 
which  is  single  externally,  and  is  only  divided  internally  into  two 
canak  by  a  partition  ;  or  the  two  conditions  may  be  combined 
(Fig.  168,  tr  fa) ;  or,  finally,  two  completely  separate  tubes  may  bo 
developed  :  an  upper  one,  the  inner  orifice  of  wliieli  is  opposite  the 

nuus,  and  serves  for  tlie  exit  of  the  water, 
and  a  lower  one^  by  which  the  water  passes 
in,     Tbe  investment  of  cilia  causes  the 
two  streams  to  pass  regularly  in  and  otiti 
Through  these  forms  we  are  led  up 
to  those  in  which  the  respiratory  cavity 
is  most  completely  closed,  and  the  pallinl 
tubes  most  developed.     This  is  accom- 
panied by  a  diminution  in  the  size  of  tho 
cleft  in  tho  mantle  thi'ough  which  the 
foot  18  protruded.  This  has  become  much 
narrower,  and  is  placed  some  way  from 
tho  respiratory  tubeSj  so  that  the  greater 
part  of  tho  edges  of  the  mantle  have  grow^n  together,  in  consequence 
of  which  tlie  body  of  tho  animal  is  sac-like  (Boring  Mollusca).    The 
orifice  of  passage  for  the  foot  ia  now  placed  at  the  anterior  end,  and  tho 


* 


Tig*  169.  Tho  emtio  antnml 
with  its  foot  and  siphon h  re- 
tmotedi    ins  Biphonnl  muE^cle. 
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two  respiratory  tubes  in  tlie  opposite  region  of  tlio  body.  They  are 
con  tinned  into  special  divisions  of  the  mantle-cavity,  owing  to  the 
division  of  tlio  latter  into  an  upper  smaller^  and  a  lower  larger 
cavity,  which  are  separated  by  a  partition.  The  water  is  brought  to 
the  lower  one  by  the  efferent  tube,  and  passes  throngh  the  gills; 
streaming  throngh  the  orifices  in  thenij  into  the  branchial  plates 
or  the  intrabranchial  cavity,  and  so  into  the  npper  di vision  of  the 
niantle-cavity,  into  ivhich  the  anus  also  opens. 

The  edge  of  the  mantle  i.s  often  the  seat  of  special  differentia- 
tionsj  which  are  generally  of  the  fonn  of  tentacular  processes,  and 
arc  sometimes  of  a  fair  size. 

The  second  differentiation  in  the  body  of  the  Lamellibranchiata 
affects  the  ventral  surface,  which  is  differentiated  even  in  the 
Placophora;  it  becomes  flattened,  and  serves  as  the  organ  by  which 
the  animal  creeps  along.  It  is  formed  by  the  development  of  a 
muscular  foot,  which  is  more  or  less  separated  from  the  rest  of  the 
body  (Fig.  1G7,  A  jr>),  and  which  can  be  protruded  from  the  cleft  in 
the  mantle,  sometimes  to  a  considerable  extent.  It  is  then  hatchet 
or  club-shaped,  and  functions  as  a  locomotor  organ.  The  two  lateral 
surfaces  of  the  foot  are  ordtnarily  produced  into  a  median  edge,  but 
in  some  it  is  flat  and  sole-shaped,  as  in  Chitons, 

Many  Lamellibranchs  live  under  conditions  in  which  this  organ  is 
not  required,  and  it  is  then  atrophied,  as  in  the  fixed  Oysters  and 
Anomia3,  and  Scallops;  in  the  latter,  locomotion  is  effected  by  the 
action  of  the  mantle  and  its  shells. 

The  Scaphopoda  are  forms  allied  to  the  Lamellibranchiata,  but 
intermediate  between  them  and  the  Gastropoda.  The  body,  which 
is  enclosed  by  a  shelly  is  provided  with  a  mantle-cavity,  from  which  a 
trifid  foot  can  bo  protruded.  A  part  which  carries  the  mouth  is  head- 
like in  form,  but  is  really  more  of  a  proboscis,  for  it  does  not  contain 
the  nerve-centres,  and  is^  moreover,  enclosed  in  the  mantle-cavity. 


§  250, 

The  yelum  is  largest  in  the  Gastropoda  and  the  thecosomatons 
Pteropoda,  and  is  absent  in  those  only  in  which  the  earliest  larval 
stages  are  not  free  (Land  Snails),  It  has  the  form  of  a  large,  and 
frequently  symmetrically  lobate,  organ  (Fig.  170,  A  B  0  v),  which  in 
some  is  retained  for  a  longer  time,  and  so  enables  the  body  to  continue 
swimming  about  (Macgillivraya).  The  development  of  this  organ, 
which  in  its  lower  stages  is  merely  represented  by  a  circlet  of  cilia, 
appears  to  be  correlated  with  the  development  of  a  shell,  for  when 
this  is  developed  the  cilia  are  less  widely  distributed.  The  cephalic 
portion  of  the  body  is  alone  free;  and  it  compensates  for  the  absence 
of  other  locomotor  organs  by  the  great  development  of  its  cJlia^  and 
of  its  ciliated  margin.  The  velum  increases  lq  size,  and  undergoes 
great  complications  of  form,  in  proportion  to  the  increase  in  the 
weight  of  the  body  doe  to  its  shell. 

V 
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The  size  of  this  velum  is  correlated  with  the  differentiation  of 
the  headj  from  the  upper  surface  of  which  it  ia  developed ;  it  is  in 
some  Pteropoda  only  that  the  headj  once  formed,  undergoes  any 
considerable  atrophy, 

Jast  as  in  the  Lamellibranchiata,  the  mantle  rises  up  in  the 
form  of  a  fukl  of  the  body- wall,  wliich  covers  over  the  dorsal  surface 
and  forms  the  shell  ou  its  outer  side.  As  this  dorsal  area  of  the 
body— which  is  surrounded  by  tho  mantle-fold,  and  the  shell, 
which  is  being  developed  into  its  house^ — continues  to  bulge  out,  it 
gradually  forms  a  blind  sac,  which  soon  contains  the  greater  part  of 
the  viscera  (visceral  sac) ;  in  this  way  the  viscera  come  under  the 
direct  protection  of  tho  shell.  As  developmeat  goes  on,  tho  mantle- 
fold  becomes  loss  intimately  connected  with  the  body,  and  gives 
rise^  inferiorly,  to  a  wider  cavity,  in  which  the  growing  gills  are 
contained,  and  which  is  homologous  with  tho  branchial  cavity  of  the 
Lamellibranchiata  (Fig,  167,  A  B),  This  development  of  a  fold  of 
the  iutegument  into  the  mantle,  and  the  consequent  appearance  of  a 
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subjacent  space,  the  branchial  cavity — ^which  looks  like  an  invagi- 
nation from  the  exterior — undergoes  modifications,  which  are  largely- 
due  to  the  formation  of  the  shell.  In  consequence  of  the  mantle 
growing  unequally  on  either  side,  and  not  equally,  as  in  tho  Lamelli- 
branchiata,  and  from  the  fact  that  it  is  priucipally  developed  at  one 
point  in  connection  with  the  development  of  the  shell,  the  bmnchial 
cavity  comes  to  be  a  single  cavity,  placed  in  the  same  region.  This 
region  is  either  beneath  the  hinder  portion  of  the  mantle,  as  in  the 
Pteropoda  (Fig,  1 70,  C),  or  beneath  the  anterior  portion,  as  in  most 
of  the  Grastropoda  (J?).  The  want  of  symmetry,  which  is  due  to  tho 
coiling  of  the  shell,  causes  the  branchial  cavity  of  most  Gastropoda 
to  lie  on  one  side ;  this  is  an  adaptation  to  the  larger  amount  of 
space  which  is  afforded  by  the  lateral  portion  of  the  shell.  The 
production  of  the  unilateral  and  asymmetrical  branchial  c-avity  from 
a  paired  and  symmetrical  spaco  is  proved  by  numerous  facts  ^  so 
that  we  are  led  to  think  that  the  asymmetry  of  the  shell  is  probably 
a  secondary  arrangement. 

A  number  of  degenerate  and  more  perfect  arrangements  have 
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their  common  origin  in  this  disposition  of  parts*  The  latter  are 
principally  seen  a-s  differentiations  of  the  edge  of  the  mantle^  and 
are  connected  with  the  f  auction  of  the  branchial  cavity.  Part  of  the 
edge  of  the  mantle  is  prodnced  into  a  groove,  which  serves  to  bring 
in  water,  and  which  iiiaj  be  converted  into  a  tube  by  the  folding 
over  of  its  two  edges.  Wo  meet  with  a  siphon  of  this  kind,  though 
in  all  stages,  of  gradual  differcntiatioD,  in  a  largo  number  of  aqnatic 
Gastropoda  (Buccinnm,  Dolinra,  Harpa,  Tritoninnij  Murox,  etc.).  A 
second  siphon,  formed  in  the  same  way,  but  smaller  in  size,  is 
generally  found  at  tho  opposite  end  of  the  branchial  cavity ;  it  serves 
to  carry  the  water  out  from  it.  Various  other  kinds  of  processes,  or 
tentacular  appendages,  lead  to  fresh  complications  in  its  structure 
(e,g.  in  Strombus,  Pterocera)* 

When  tho  shell  undergoes  atrophy  the  mantle  generally  does  so 
too.  This  is  mostly  the  case  in  the  division  of  the  Opisthobranchiata, 
some  of  which  have  a  more  or  less  rudimentary  shell ;  wliile  in  others, 
when  adult,  there  is  no  shell  at  all.  As  all  these  forms  had  a  shelled 
larval  stagOj  the  atrophy  of  the  shell  must  have  been  brought  about 
during  their  ontogenetic  development  ;  and  it  follows  that  those 
Opisthobranchiata,  which  are  naked  in  their  later  stages,  were  derived 
from  forms  that  had  shells.  The  larval  shell  and  its  accompanying 
mantle-fold,  even  though  feebly  developed,  are  therefore  rudimentary 
organs,  which  prove  that  tho  naked  Opisfchobmnchiata  had  the  same 
origin  as  the  rest  of  the  Gastropoda.  Where  these  rudimentary  shells 
are  retained  by  the  adult  animal  they  must  even  then  be  regarded 
as  degenerate  parts,  and  not  as  developing  shells ;  for  here  again  a 
comparison  iivith  the  larval  forms  shows  that  the  shell  had  a  much 
greater  significance  than  have  the  rudimentary  stinictures  found  in 
the  adult  stage  of  these  organisms.  It  is  of  great  importance  also 
as  explaining  the  position  of  the  anus  and  of  the  genital  orifice, 
which  can  be  due  to  nothing  but  a  former  greater  development 
of  the  shelh 

Within  smaller  divisions  ako  we  meet  with  series  of  degene- 
rating parts,  as  for  example  in  the  Heteropoda,  where  Atlanta  has 
a  well-developed  shell  and  mantle,  while  in  Carinaria  they  are  both 
rudimentary,  and  in  Pterotrachea  completely  lost,  A  similar  series 
is  observable  in  the  Nephropneusta, 


§  251. 

The  varjring  extent  to  wliich  the  Foot  is  developed  is  of  im- 
portance as  affecting  the  form  of  the  body.  In  the  larvae  of  the 
Pteropoda  and  Gastropoda  it  has  always  very  much  the  form  of  a 
short,  conical,  somewhat-flattened  process,  placed  below  the  mouth 
(Fig.  170,  -d_^>).  On  the  hinder,  or  dorsal  surface,  a  shelly  secretion 
is  formed,  which  serves  as  an  operculum  for  the  orifice  of  the  shell . 
Owing  to  its  increase  in  size,  especially  in  the  aboral  direction,  the 
foot  of  most  Gastropoda  comes  to  have  a  broad  lower  face,  which  is 
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the  reason  of  its  being  called  a  foot  (Fig*  171,  J?).  Sometimes, 
lioweverj  ifc  is  eloDgatecl,  aiid^  at  Dthers^  fliscoid  in  form.  In  most 
of  the  Gastropoda  tlio  foot  is  only  sharply  marked  off  along  its 
plantar  margin.   In  many  of  the  lower  Prosobranchiata  (Haliotis)  the 

surface    of    the   body   above 


€i 


Fig,    171.      Diogra-m    of  tbo    relations    of 

the    mantle    fttid    footj     V(?rtieal    sect  ton. 

A  la    Lamollibi-ancliiata.       17   la   Ccphalo. 

par*,     m  Maiitlo.     jp  Foot,     hr  BranciiitK?. 


the  foot  is  drawn  ont  into  au 
encircling  edge  (epipodium), 
which  is  distinguished  from 
the  mantle  by  surrounding' 
the  head.  The  foot  of  the 
Heteropoda  is  differentiated 
into  a  more  independent  orgtin, 
which  springs  from  the  ventral 
surface  of  the  animal^  and 
forms  a  vertical  fin.  The  body 
is  continued  in  front  of,  as 
well  as  behind,  the  foot*  This 
arrangement  is  very  different 
from  the  primitive  one;  the  body  has  no  longer  a  flat  surface, 
although  the  end  of  the  foot  in  Atlanta  still  carries  an  operculum. 
The  structure  of  the  muscular  sole  of  the  Gastropod  foot  is  retained 
in  rudiment  as  a  sncker-liko  organ,  which  in  the  Pterotrachea?  is 
found  in  the  males  only.     And  we  are  reminded  by  this  that  even 

when  fully  developed  the  foot  of  the 
Gastropod  functions  as  a  sucker,  for  the 
animal  is  able  to  attach  itself  by  it. 

The  modifications  undergone  by  the 
foot  in  the  Pteropoda  are  still  more 
significant.  The  foot,  which,  in  the  ear- 
liest larval  stages^  is  formed  in  just  the 
same  way  as  in  the  Gastropoda,  gives 
rise,  in  the  Cymbulidte  and  Hyaleidse,  to 
a  median  and  two  lateral  pieces  (cf*  Fig, 
170,  Gpp],  In  the  HyaleidiB  the  median 
portion  is  feebly  developed,  while  the 
lateral  lobes  become  large  fins,  which 
embrace  the  rudimentary  head,  just*  like 
wings ;  in  the  Oymbnlidte  the  median 
piece  is  also  well  developed.  It  either 
fuses  at  its  base  only  (Cymbnlia),  or  along 
its  whole  length  {Tiedemannia),  with  the  two  lateral  lobes  ;  in  this 
way  the  largo  fina  of  these  animals  are  produced. 


Fig.  172.  Diagram  of  the  rein- 
Uotia  of  the  nmntlo.  A  Ta 
Pteropoda,  H  In  Ccplialo- 
poda.  j>  Poot.  hf  Bniacljim, 
i  Tentaclca, 


§  252. 

The  greater  development  of  the  head  in  the  Cephalopoda  is  an 
important  peculiarity  as  affecting  the  form  of  the  body,  while  the 
mantle  acquires  the  same  relations  as  it  has  in  the  Thecoaomatous 
Pteropoda,  from  which  therefore  they  may  be  derived.     The  cavity, 
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arclied  over  by  a  fold  of  the  mantle,  occupies  tlie  hinder  part  of  the 
backj  and  so  forms  that  region  which  is  ordinarily  known  as  tho 
ventral  surface.  To  mako  these  relations  clear  we  must  iraagino 
the  animal  placed  iu  such  a  position  that  the  aboral  end  points  up- 
wardsj  and  the  heiid  forwards  and  downwards  (cf.  Fig,  172)»  All 
the  body  above  the  head  would  then  con-cspond  to  the  dorsum  of 
the  Gastropoda.  The  mantle  is  sometimes  separated  from  the  head 
by  a  circular  groove  (Sepia) ;  sometimes  tlus  fold  of  the  mantle  is 
directly  continuous  with  the  integument  of  the  head  at  the  sides  of 
the  neck  (Octopus),  so  that  the  mantle  forms  a  fold  above  the 
branchial  cavity  only.  Lateral  processes  of  this  mantle  function  as 
locomotor  organs  (fins) ;  in  the  Sepiada3  they  are  generally  smaO, 
and  extended  along  its  whole  length;  in  the  Loliginidas  they  are 
broader,  but  are  limited  to  the  aboral  end  of  the  body. 

The  formation  of  the  mantle-cavity  and  the  position  of  the  anus 
lead  us  to  the  conclusion  that  this  aiTangement  is  due  to  tho 
primitive  possession  of  a  shell  which  covered  the  whole  mantle ;  and, 
indeed,  the  slielled  Cephalopoda  are  by  far  tho  older  forms,  while 
the  remarkable  variations  seen  in  the  characters  of  their  shells  lead 
us  to  think  that  this  structure  bad  a  very  ancient  origin. 

An  organ  which  has  the  same  position  as  the  foot  of  tbe 
Gymnosomatous  Pteropoda — the  funnel — corresponds  to  tbe  foot  of 
tho  Gastropoda.  In  Nautilus  it  is  formed  of  two  lamellEe,  which 
arise  from  the  ventral  surface  below  tho  bead,  and  which  form  a 
tube  by  being  rolled  over  one  another ;  this  tube  projects  from  the 
mantle-cavity  (Fig,  175,  /),  In  the  Dibranchiata  this  organ  cannot 
be  seen  to  be  composed  of  two  lateral  parts,  except  in  the  embryo; 
they  take  their  origin  in  the  space  between  the  mantle  and  the 
rudiments  of  the  arms.  By  growing  together  and  gradually  fusing 
they  form  a  tube  which  is  similar  to  the  one  formed  iu  Nautilus, 
except  that  it  is  closed.  Tho  mantle,  which  is  also  muscular,  is 
attached  to  the  periphery  of  the  funnel;  this  eifects  powerful  con- 
tractions, and  so  drives  out  the  water  which  has  entered  tho 
mantle-cavity  between  the  funnel  and  tho  cdgo  of  the  mantle  ;  and 
tbe  animal  is  driven  in  an  aboral  direction  by  the  force  produced  by 
the  expulsion  of  this  streatn.  The  organ  retains,  thcroforo,  its 
primitive  locomotor  function. 


Appendages. 

§  253. 

In  the  Mollusca  tho  development  of  a  cephalic  region  i^ 
closely  connected  with  the  differentiation  of  processes,  which  I 
regard  as  appendages,  inasmuch  as  they  are  homologous  with  the 
antennpo  and  tentacles  of  Arthropoda  and  Vermes,  and  when  more 
highly  differentiated  are  able  to  undertake  the  duties  of  appendages. 


» 
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.ese  structm^es,  which  are  known  as  tentaclos,  aro  absent  in  the 
Placophora  and  in  the  Scaphopoda ;  the  processes  which  are  found 
around  tlio  mouth  in  tho  latter  group  boing  structures  of  a  special 
kind,  and  not  appendages  as  hero  limited. 

In  tho  Lamellibranchiata,  lobate  appendages  (Fig.  168,  t)  {the  so- 
called  labial  palps)  are  attached  to  the  altogether  rudimentary  head ; 
they  may  bo  boioologous  with  tho  more  highly-developed  tentacles, 
which  distinguish  tho  cephalic  region  of  the  Gastropoda.  Aa*  in 
many  Platyhelminthes  they  are,  wheu  simplest,  short  processes  of  the 
body,  but  they  undergo  great  dillerentiations.  In  the  Prose- 
branchiata  they  are  generally  limited  to  two,  aud  are  formed  from 
tho  surface  which  is  surrounded  by  the  velum  {cf.  Fig.  170,  B  f). 
In  many  forms  tho  eye  is  placed  at  the  base  of  the  tentacle,  which 
ma  J  be  developed  into  a  special  process.  The  same  happens  in 
other  forms,  where  the  optic  organ  is  placed  on  an  optic  stalk  dif- 
ferentiated from  the  tentacles,  and  which,  when  more  independent, 
may  give  rise  to  four  tentacles,  as  in  Helix,  Limax,  etc.  These  aro 
invaginated  when  they  are  retracted,  and  are  so  far  more  highly 
developed.  Many  Opisthob ranch iata  are  distinguished  by  the  pos- 
session of  a  pair  of  tentacles,  which  are  greatly  developed  (Fig.  J  77, 
ft)f  but  in  addition  to  them  there  are  other  tentacular  cephalic 
appendages,  which  characterise  tho  various  subdivisions  merely, 
according  to  the  way  in  which  they  are  arranged,  and  according  to 
the  number  present* 

Tliey  have  undergone  degeneration  in  the  Thecosomatous  Ptero- 
poda,  for  in  these  forms  the  tentacles  are  either  completely  absent  or 
are  rudimentary  (Chreseis),  The  development  of  the  pai*ts  of  tho 
foot  which  in  them  are  converted  into  fins,  does  away  with  the 
necessity  for  the  development  of  the  cephalic  tentacles,  and  explains 
why  they  are  absent,  just  as,  on  the  other  hand,  tho  distance  of  the 
hns  from  the  head  in  the  Gymnosomatous  forms  is  the  cause  of  the 
development  of  their  tentacles.  In  these  latter  they  have  all  kinds 
of  forms,  and  one  or  more  pairs  of  processes  (Cephaloconi)  are 
present  in  addition  to  the  superior  tentacles ;  these  lead  up  to  tho 
tentacles  of  the  Cephalopoda.  In  Pneumodermon,  indeed,  two  of 
these  bodies  are  beset  with  suckers, 

§  254. 

In  the  Cephalopoda  the  large  number  of  tent-acles,  which  are 
arranged  in  rows  on  either  side,  and  spring  from  lobafo  processes, 
distinguish  the  head  of  the  Tetrabranchiata.  In  the  Dibranchiata, 
where  they  form  arms,  there  is  a  smaller  number  of  them,  but  thej 
are  larger.  The  Loliginidse,  Sepiadao,  and  Spirulida?  have  ten  arms. 
Two  of  them,  which  are  longer,  and  in  other  points  dillerent  from  the 
rest, are  placed  outside  the  circle  around  the  mouth,  which  is  formed  by 
the  other  eight ;  and  as  they  spring  from  pouches  which  are  arranged 
in  pita  at  the  side  of  the  head,  they  must  be  distinguished  from  the 
inner  series ;  so  that  these  inner  ones  are  always  eight  in  number  in 
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all  Dibrancliiata,  The  anus  of  the  Octopoda,  like  the  similar  ones  in 
the  Decapoda,  are  connected  together  at  their  bases  hy  a  web>  ex- 
cepting the  pair  which  arc  nearest  to  the  sides  of  the  fnnnel.  This 
connecting  membrane  extends  farther  in  some  Octopoda  ;  sometimes 
over  a  few  of  the  arms  only  (four  in  Trem octopus),  or  over  them  all 
(Histiotenthisj  more  completely  in  Cirrotenthis),  and  is  continued 
right  np  to  the  tips  of  the  arms. 

The  suckers  are  special  structures  found  on  the  arms  of  the 
Cephalopoda;  they  generally  beset  the 
oral  surface  of  the  arms  in  two  rows 
(one  in  Eledone)>  and  not  unfrequently 
they  are  carried  on  stalks.  Their  free 
edge  liaa  often  a  cuticular  thickening 
which  has  the  form  of  a  chitinous  ring, 
and  is  sometimes  toothed.  Where  a 
particiJar  tooth  is  largely  developed,  tlie 
sucker  disappears,  and  is  replaced  by  a 
hook  (Onjchoteuthis), 

In  many  Cephalopoda  certain  of  these 
arms  are  peculiarly  altered  by  function- 
ing as  copulatory  organs  ;  even  in 
Nautilus  the  tentacles  perform  this  func- 
tion* It  is  not  always  the  same  arm 
that  is  thus  metamorphosed ;  as  a  rule 
it  is  one  of  those  which  belong  to  the 
so-called  ventral  side  of  the  animal. 
The  mode  of  metamorphosis  yaries 
greatly  in  the  different  divisions ;  it  may 
merely  consist  in  the  alteration  of  a  part 
of  the  base  of  the  arm  (Sepia),  or  a 
more  or  less  large  number  of  the 
fiuckei's  may  be  altered,  or  the  tip  of 
the  affected  arm  may  be  provided  with 
a  spoon-like  hollow  process  (OctopuSj 
Etedone). 

The  highest  grade  of  this  adaptive 
metamorphosis  is  seen  when  the  arm 
becomes  greatly  increased  in  size,  as 
well  as  different  in  organisation  inter- 
nally (Ax'gonauta,  Tremoctopus),  This 
"  hectocotylisod  arm "  is  not  developed^  as  are  the  otherSj  by 
a  process  of  free  gemmation,  but  it  is  formed  in  a  vesicle,  from 
which  it  is  not  set  loose  till  it  is  matm^e.  The  greatly-coiled 
flagelliform  end  of  the  arm  (Fig,  173,  y),  which  is  not  set  free  till 
the  time  of  copulation,  has  a  similar  covering.  This  appendage, 
with  its  investing  membrane  (.r),  corresponds  to  the  modified  end 
of  the  arm  in  Eledone  and  Octopus,  The  more  highly  differen- 
tiated copulatory  arms  may  continue  to  live  within  the  mantle- 
cavity  of  the  female  for  some  time  after  they  are  broken  off ;  this 


Fig.  173.  Mate  of  Troin oc- 
topus earenos.  f*  Superior; 
t'  Second  pair  of  artas.  f^Tbird 
left  arm.  i*  Inforior  pair  of 
arms,  h  Hc^ctocotyluB.  ^r  Its 
tormina!  vesicle,  y  Filamen- 
toua  appotidagOi  sot  free  from 
the  terminal  vesicle,    t  Fnnnel. 
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is  the  reason  why  these  separate  arms  were  formerly  regarded  as 
parasitic  organisms  (Hectocotylus). 

Steexstrup,  J.  J.,  Hectocotyldannelsen.  Eongl.  Dansk.  Vid.  Selsk.  Skrifter.  Y.  B. 
4Bd. 


Integument 
§  255. 

The  body  of  the  MoUusca  is  covered  by  a  Soft  dermal  layer, 
which  is,  as  a  rule,  so  closely  interwoven  with  the  subjacent  muscles 
as  to  form  a  kind  of  dermo-muscular  tube,  just  as  in  the  Vermes. 
The  locomotor  organs  are  formed  by  the  great  development  of  the 
musculature  in  certain  regions  of  the  body,  and  by  the  consequent 
differentiation  of  some  parts  of  the  dermo-muscular  tube. 

Inmost  divisions  of  the  MoUusca  there  is  an  investment  of 
cilia  during  the  larval  stages,  which  later  on  extends  over  the  whole, 
or  some  parts  of  the  body.  The  cilia  in  the  velar  circlet  (§  248)  are 
those  that  are  most  markedly  developed.  The  rest  are  chiefly 
found  in  the  respiratory  organs.  In  the  Cephalopoda  even,  nearly 
the  whole  surface  of  the  germinal  disc  (save  the'  gills)  is  covered  with 
cilia  during  development;  later  on  a  ciliated  epithelium  may  be 
found  on  the  yolk-sac  also. 

The  integument  is  easily  distinguishable  into  an  epidermis  and 
cutis.  In  many  Heteropoda  (Carinaria,  Pterotrachea)  the  latter  is 
specially  modified ;  a  strong  transparent  layer  of  connective  tissue 
preventing  any  great  amount  of  change  in  the  form  of  the  body.  In 
the  rest  of  the  MoUusca  the  body  is  generaUy  prevented  by  the 
shell,  which  is  developed  from  the  integument,  from  undergoing  any 
great  changes  in  form. 

The  coloration  of  the  body  is  due  to  the  deposits  of  pigment  in 
the  integument.  The  most  remarkable  structures  concerned  in 
coloration  are  those  which  are  found  in  many  Pteropoda,  and  in  all 
Cephalopoda — the  *' chromatophores.*'  They  are  rounded  cells, 
which  are  placed  at  various  depths  in  the  integument;  they  are 
fiUed  with  granular  pigment,  and  are  provided  with  radial  muscular 
fibres  at  their  periphery ;  when  these  fibres  contract  the  cell  broadens 
out,  and  the  pigmented  contents  are  thereby  distributed  in  such  a 
way  that  they  become  easily  visible  to  the  eye,  as  large,  steUate, 
and  often  branched  spots.  Plate-like  elements  are  found  deposited 
in  a  layer,  which  is  sometimes  differentiated,  and  these  give  a 
sUvery  appearance  to  many  parts  of  the  body  (spangled  layer).  The 
varying  character  of  these  several  layers  produces  that  play  of  colour 
which  we  admire  in  the  skin  of  the  living  Cuttlefish. 

Other  deposits  are  found  in  the  integument,  such  as  those  formed 
of  carbonate  of  calcium,  which  are  common  in  the  Gastropoda;  these 
are  either  simple  granules,  or  larger  rounded  concretions,  or  they 
may  be  rod-shaped,  denticulate^  or  even  branched;  there  is  often  a 
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large  number  of  thenij  so  that  they  may  form  a  veritable  calcareous 
network,  as  in  Doris,  Polycom^  etc.,  the  rarious  species  of  which  are 
distinguished  by  the  special  manner  in  which  the  ^^arioa^  calcareous 
rods  are  grouped  or  arranged,  as  well  as  by  the  way  in  which  they 
m^e  formed, 

§  256. 

The  glands  are  differentiations  of  the  epidermis;  they  partly 
resemble  the  structures  found  in  Vermes  {unicellular  glands).  When 
bimplest,  these  organs  are  modifications  of  epidermal  cells,  which 
are  placed  between  other  cells,  but  are  distinguished  from  them  by 
having  finely-granulated  contents  and  a  mouth  (goblet-cells).  They 
are  found  in  the  Lamellibranchiata  as  well  as  in  the  Gastropoda.  In 
the  Cephalopoda  they  are  more  commonly  arranged  in  groups,  and 
their  blind  ends  extend  below  the  level  of  the  epidermis.  In  thoUas- 
tropoda- — and  especially  in  the  ten'cstrial  Pulmonata— they  arc  found 
to  be  placed  still  deeper  in  the  integument.  These  glands  are  variously 
modified  in  different  parts  of  the  body.  Those  found  at  the  edge  of 
the  mantle  in  the  shelled  Gastropoda  are  examples;  they  secrete 
a  fluid  in  which  calcareous  salts  are  dissolved^  while  others  secrete 
coloaring  matters. 

In  Aplysia  the  dermal  glands  secrete  a  dark-red  fluid.  In 
Murex  and  Purpnra  a  layer  of  epithelium,  which  is  placed  between 
the  gills  and  the  hind-gut,  and  in  the  mautle-cavityj  functions  as  a 
gland;  this  layer  is  formed  by  large  superficially-ciliated  cells. 
Their  secretion  gives  rise  to  the  substance  known  as  Tjrrian  purple* 

Some  Opisthobranchiata  (yEolidta^)  aro  characterised  by  the 
possession  of  urti eating  cells,  which  are  placed  on  the  ends  of 
their  dorsal  papilla). 

The  Byssus-gland  of  the  Lamellibranchiata  is  a  more  inde- 
pendent glandular  orgau  of  the  integument ;  when  it  is  formed  tlie 
foot  undergoes  certain  moditicattons ;  it  becomes,  that  is,  a  tongue- 
shaped  process  grooved  on  its  ventral  surface.  The  groove  passes  to 
a  depression  at  the  base  of  the  foot,  at  the  bottom  of  which  there  is  a 
gland  which  secretes  the  so-called  "  byssus/'  Pcctcn,  Lima,  Arcii, 
Tridacoa,  Malleus,  Avicnla,  Jlytilus  have  an  organ  of  this  kind; 
but  it  may  be  considered  as  generally  present,  for  it  is  found  for  a 
time  in  the  embryos  of  the  Naiades  and  of  Cyclas.  Some  divisions 
of  the  Gastropoda  (Helicina?,  liimacina?)  have  also  a  gland  in  their 
footj  which  opens  anteriorly  and  below  the  mouth.  A  large  number 
of  other  kinds  of  glandular  organs  are  also  developed  from  the 
integument. 


L 


Shells, 

§  257, 

The    tagumentary  investment  is  of  special  importance,  for  it 
secretes  firm  substances,  which  are  laid  down  in  layers,  and  which 
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produce  the  varied  forms  of  test  and  shell  which  characterise  tho 
Molluscan  phylum.  The  hard  struct  ares,  therefore,  of  this  division 
differ  essentially  froiri  those  which  ore  found  in  other  classes  of 
animalsj  by  the  way  in  which  they  aro  developed.  They  are 
products  secreted  from  tho  body^  and  depoBited  on  its  exterior,  and 
are  of  great  importance  as  organs  for  the  support  and  defence  of 
the  Drgaiiisms  to  which  they  belong*  They^  just  as  iniicli  as  other 
differentiations  from  the  integument,  imply  that  the  outer  dermal 
layer  has  a  secretory  activity.  Although  the  outer  layers  of  these 
structures  often  appear  to  be— as  is  especially  the  case  in  large 
shells— distinct  from  the  organism,  the  shells  always  do  form  a  part 
of  it,  and  aro  at  many  points  directly  and  closely  connected  with 
it;  as,  for  example,  at  the  insertion  of  the  muscles  into  the  shells. 

The  presence  of  calcified  spicules  in  the  integument  of  the 
Placophora  calls  to  mind  the  relations  which  obtain  in  the  Soleno- 
gastres  (p.  1*39).  The  spicules  arise  in  follicles^  and  do  not  reach 
the  surface  till  they  are  larger  in  size,  when  they  form  slender  and 
closely -approximated  fine  processes,  or  thicker  bodies,  which  are 
distributed  over  the  mantle.  Eight  largo  calcified  plates  are  also 
arranged  transversely  on  it,  and  form  a  series  of  skeletfil  parts^  the 
arrangement  of  which  implies  that  the  body  is  arranged  in  a  meta- 
meric  fashion.  As  in  Cryptochiton  they  are  covered  by  the  mantle, 
there  is  some  reason  for  supposing  that  they  were  developed  witliin 
it,  and  that  they  resemble  the  spicules.  The  plates  would  then  be 
structures  of  the  same  kind^  which  had  been  greatly  developed, 
while  the  spicules  would  be  parts  which  had  not  enlarged  lateral] y, 
but  only  vertically.  This  relation  between  the  presence  of  a  mantle 
and  the  formation  of  firm  organs,  which,  when  largely  developed, 
fonn  shells,  is  typical  of  all  the  other  Mollusca;  and  the  two  kinds 
of  organs  are  always  intimately  connected.  Instead,  however,  of  the 
dorsal  plates  being  developed,  as  in  Chiton,  the  foraiation  is  con- 
tinuous, 80  that  it  gives  rise  to  a  single  shell.  The  shell,  therefore, 
just  as  much  as  the  mantle — which  we  have  seen  to  bo  homologous 
throughout  the  series  of  Moll usea— must  be  regarded  as  an  organ, 
which  is  widely-distributed  because  inherited,  great  as  may  be  the 
adaptive  modifications  which  it  has  undergone. 

The  inultifid  shell  was  not  replaced  by  the  undivided  one  by  any 
new  process,  but  by  tho  development  of  one  part,  for  we  cannot 
imagine  that  the  shell,  which,  as  an  organ  investing  a  large  part  of 
the  body,  is  one  of  so  great  fimctional  importance,  appeared  all  at 
once.  But,  if  the  shell  was  at  fii-st  an  inconsidernble  organ,  it  could 
not  have  attained  to  that  perfection  of  function  which  would  have 
been  the  cause  of  its  being  transmitted  as  a  useful  ari'angement. 
We  must  therefore  suppose  that  the  structure,  which  later  on  formed 
the  shell,  was  piimitively  one  of  several  similar  organs,  and  that  it 
gradually  got  the  better  of  the  rest.  This  gradual  development  of 
the  shell  is  the  only  mode  which  is  intelligible,  while  at  the  same 
time  it  connects  together  the  multifid  shell  of  the  Placophora  and 
the  single  shell  of  the  Conch  if  era. 
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Fig.  174.  Embryo  of  a  Ilcie- 
ropod^  t  ran  a  verse  Bccticin. 
0  Month,  r  Tohim.  g  Enterio 
cavity,  p  Foot.  «  Sliell.gland 
(after  H,  Fol), 


The  earliest  rudiment  of  the  shell  appears  at  the  atoral  end  of 
the  embryOj  at  a  spot  which  is  distinguished  by  the  growth  of  ita 
ectoderm.  A  riscid  substance  is  Becreted  in  the  glaod-like  invagi- 
nation which  appears  at  this  point  (Fig.  174^  s).  This  substance 
gradually  fills  up  the  invagination  and 
reaches  the  surfacej  whore  it  is  hardened 
as  soon  as  it  comes  iu  contact  with  the 
water  {«').  When  the  invagination  dis- 
appears its  edges  reraain  as  a  raised  ridge, 
and  so  form  the  rudiment  of  tho  mantle, 
which  is  therefore  very  closely  connected 
with  the  formation  of  the  slielL  This  ar- 
raugemeutj  which  has  been  made  out  in 
the  larger  divisions  of  the  Concliifera, 
points  to  the  common  origin  of  this  group, 
while  it  also  affords  an  explanation  of  the 
cause  of  the  different  ways  in  which  their 
shells  are  formed.  When  this  invagina- 
tion di.sappears  the  shell  becomes  external, 
and  then  the  edge  of  the  mantle  either  remains  below  it  or  more  or 
less  covers  it.  The  latter  arrangement  shows  how  tho  exteraal  shells 
are  connected  with  the  internal  ones,  which  are  formed  when  tho 
invagination  does  not  disappear,  but  becomes  still  further  developed 
in  the  manner  already  indicated.  The  shell  is  then  secreted  from  tho 
inner  face  of  the  walls  of  this  organ,  and  it  varies  greatly  in  character 
iu  various  divisions^  just  as  do  the  external  shells. 

When  simplest,  all  the  lameUs©  of  the  shell  are  Bimtlar  in 
character ;  in  many,  when  in  their  lowest  conditions,  it  is  perforated 
by  pore-canals.  The  simple  condition  is  complicated  by  the 
appearance  of  layers  of  prisms  set  obliquely  or  perpendicularly  to 
the  lamelhe, 

Tho  shell  increases  in  sui-faco  at  its  free  edge,  the  deposits 
occurring  in  layers,  and  at  the  side  of  the  mantle ;  superficially  they 
have  tho  appearance  of  concentric  rings*  The  shell  becomes  thicker 
internally  by  being  supplied  from  tho  outer  surface  of  the  mantle. 
These  varyiug  modes  of  formation  give  rise  to  variations  in  the 
structure  of  the  formed  shell,  the  inner  portion  of  which  often 
consists  of  a  large  number  of  superjacent  folded  layers,  the  presence 
of  which  is  the  cause  of  the  nacreous  appearance  of  the  shell  (mother- 
of-pearl).  These  layers  are  covered  by  the  external  more  compli- 
cated and  compound  layers,  which  are  formed  hy  the  edge  of  the 
mantle.  The  horny  covering  (periostracum)  of  many  shells  is  due 
to  the  same  part. 

Tho  shell  of  the  Lamellibranchiata,  like  the  mantle,  is  developed 
on  either  side  of  the  body,  but  it  is  not  calcified  in  the  middle  line, 
BO  that  it  forms  two  valves,  which  are  connected  with  one  another 
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along  tho  median  line  by  means  of  the  nncalcified  portion  of  the 
slielL  The  '^  hinge"  is  formed  at  the  point  where  the  two  valves 
pass  into  one  another ;  the  non-calcified  chitinous  Bubstanc-e  which 
connects  tlio  two  sliells  forms  tho  ligament.  Its  layers  pass  into 
those  of  the  shells ;  and  the  two  valves  are  seen  to  be  merely  parts 
of  a  structure  which  is  rudiraentarily  single^  and  later  on  becomes 
so  again,  and  is  homologous  with  the  shells  of  the  rest  of  the . 
Mollusca.  Near  the  ligament  the  valves  form  alternating  and  inter 
locking  processes  (cardinal  teeth)  which  serve  to  close  the  shell  mor 
perfectly. 

Tho  shells  of  tho  Gastropoda  are  most  markedly  distingaishcd 
from  those  of  the  Lamellibranchrata  hy  the  absence  of  any  uncalcified 
portion.     They  are  not  unfrequeatly  internal. 

This  internal  position  is  generally  found  in  thase  Tectibranchiata 
that  have  a  rudimentary  shollj  and  in  some  Pulmonata,  In  tho  latter 
(Helicina?)  the  shell  very  soon  becomes  .external,  while  in  others 
(Linmcina^)  it  remains  rudimentaTy,  and  placed  within  the  mantle. 
Sometimes  it  merely  consists  of  a  few  calcareous  concretions. 

The  various  stages  of  atrophy  are  also  to  be  seen  in  the  shells  of 
some  other  divisions,  as,  for  example,  in  the  Heteropodaj  in  which 
the  rudimentary  shell  of  Carinaria  is  intermediate  between  the  shell 
of  Atlanta,  which  covers  in  the  whole  body,  and  that  of  the  Pt oro- 
tracheal, where  it  is  altogether  absent.  But  these  latter  have  a  tem- 
porary shell  daring  their  laiwal  life,  which  covers  in  the  whole  body, 
]ust  as  it  does  in  the  Opisthohranchiata,  which  are  also  shell-less  in 
later  life.  Its  general  presence  points  to  its  being  a  common 
heritage  of  all  the  Gastropoda,  some  divisions  of  which  lose  it  early. 
The  Thecosomatous  Pteropoda  resemble  the  Gastropoda  in  forming  a 
fihelh 

The  animal  does  not  always  occupy  the  whole  of  the  shelL  Many 
Gastropoda  withdraw  themselves  from  tho  end  of  their  shell  as 
growth  proceeds ;  and  tho  end  is  then  shut  off  by  a  layer  of  shell- 
substance.  The  same  thing  happens  in  some  Pteropoda  (ChrescVs), 
and  indicates  the  commencement  of  that  arrangement  which  is  so 
much  more  distinctly  marked  in  the  Cephalopoda, 

The  snbstanco  of  the  shell,  which  is  a  product  of  excretion  from 
the  mantle,  varies  very  greatly,  from  the  soft  structnres  of  some  to  the 
firm  solid  parts  which  form  the  shells  of  most  Prosobranchiata.  The 
soft  form  of  ahcll  consists  of  organic  substance  merely.  Shells 
become  firmer  and  horny  in  character  when  impregnated  with  cal- 
careous salts ;  and  when  tho  inorganic  substance  forms  the  greater 
part  of  the  shell  we  get  strong  coverings. 

The  simple  condition  of  the  cup-shaped  embryonic  shells  persists 
in  some  Gastropoda,  and  by  growing  regularly  gets  to  have  a  more  or 
less  flattened  or  conical  shape  (e,g.  Patella) ;  in  most,  however,  it 
becomes  spiral  hy  growing  out  unequally,  and  these  spii\il  forms  may 
again  undergo  all  kinds  of  modifications.  As  tho  embryonic  shells 
serve  t<»  shelter  the  whole  body,  oven  in  those  which  lose  them  later 
on,  we  must  look  for  the  typical  form  in  them ;  from  it  all  the  other 
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forms  of  slioll  have  branchod  off.  Dt^rivod  from  these  we  find  on 
the  one  hand  those  which  are  more  Iiighly  deveh^ped,  and  on 
the  other  those  rudimentary  forms  which  have  the  character  of 


degenerate  shells. 


§  259. 


The  simpler  sheik  of  the  Cephalopoda  must  also  be  regarded  aa 
rudimentary  strnctareSj  and  not  as  early  forms;  as  derived,  in  fact, 
from  the  more  complicated  and  perfect  forms^  even  if  their  geoh:)gical 
succession  did  not  iudicato  that  tho  shell  has  undergone  gradual 


Fig,  175»    Nautilus  J  motlian  aection  of  a  aboll.     i  Faiin€4,    t  Tentacles,     v  Cophalm 

loboa.     o  Eye.     6  Dorsal  lobes  of  the  mantle.     U  ConnectionH  liotween  tlie  shell  and 

the  mantle.    «  Part  of  the  shol!  still  conurcred  with  the  right  pallial  muscle,    a  Maotle. 

8  Siphon,    s'  fiiphonal  canal  of  tho  shell  (after  Owen). 
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reduction.  Their  structural  characters^  as  well  aa  their  relations  to 
the  hodjj  that  is,  to  that  portion  of  tho  dorsal  integumont  which 
represents  the  ^^mantlc/'  are  further  instances  of  the  arrangements 
which  wo  have  already  described.  We  either  meet  with  straight 
(in  extinct  families  only)  or  coiled  shells,  wliich  are  formed  by  the 
mantle,  and  either  completely  enclose  the  animal,  or  are  rudimoutary 
and  contained  within  the  mantle;  these  latter  have  lost  their  signifi- 
cance as  shells  and  only  form  internal  organs  of  support. 

The  well-developed  shells  of  tho  Cephalopoda,  as  seen  in  tho 
fossil  Ammonites  and  Orthoceratites,  and  in  the  extant  Nautilus, 
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differ  somewhat  in  structure  fnnu  those  of  the  Gastropoda  and 
Pteropoda.  Thej  are  diyidcd  into  successive  chftmbers,  the  most 
anterior  of  which  is  alone  occupied  by  the  animal^  although  the 
hinder  ones  are  closely  connected  with  it  by  moans  of  a  tubular 
prolongation  (siphon),  which  is  given  off  by  the  animal,  and  traverses 
the  partitions  between  the  ehanibers.  The  animal  (cf.  Fig,  175) 
occupies  thcTofore  the  last-formed  or  youngest  chamber  only.  The 
separate  chainbers  correspond  to  an  equal  number  of  stages  in  its 
growth ;  as  each  segment  of  the  shell  was  formed  the  animal  left  the 
one  before  occupied ;  and  as  a  partition  was  formed  a  new  chamber 
was  developed.  Tho  arrangement,  which  was  merely  indicated,  and 
rarely  scon,  in  tho  (lasiropuda  and  Pteropoda,  has  become  typical  in 
the  Cephalopoda,  Tlio  straight  shells  of  tho  fossil  Orthoceratitea, 
und  those  of  the  Ammonitcsj  which  are  coiled  in  one  plane,  as  also 
the  sliells  of  the  Naiitilida?,  are  formed  on  this  type.  In  these  last 
a  lobe  of  the  mantle  (Fig.  1 75,  b)  extends  from  the  dorsal  side  of 
tho  animal  over  a  portion  of  the  shell,  the  greater  thickness  of  which 
appears  to  be  partly  due  to  it.  The  shell  of  Spirula  is  completely- 
covered  in  by  the  maotle,  and  is  similar  in  character  to  that  of 
Nautilus,  except  that  its  coils  are  not  in  contact  with  one  another ; 
the  shells  of  tho  fossil  Belemnites  are  intermediate  between  those 
perfect  ones  which  are  only  enclosed  by  the  mantle  and  those 
which  arc  placed  within  it.  On  account  of  this  the  remnants 
of  shells,  which  were  in  all  probability  largely  internal,  are  of 
great  morphological  %^alue,  In  them  the  chambers  are  found  in 
a  small  conical  portion  only — the  so-called  phragmocone.  Tho 
separate  chambers,  which  form  the  parts  of  tho  phragmocone, 
look  like  horizontal  sections  of  a  cone  superimposed  on  one  another; 
they,  too,  are  connected  with  one  another  by  means  of  a  siphon. 
Tbo  w^hole  phragmocone  is  surrounded  by  thickened  layers ;  but 
these  are  not  distributed  equally  over  it,  but  form  a  strong  solid- 
process  (rostrum)  behind  its  apex.  The  broadened  lam  el  la- like 
portion  of  the  thickened  layers,  which  extends  forwards  over  the 
base  of  the  phragmocone,  is  known  a^  the  '^  pro-ostracum.""  The 
phragmocono  is  the  homologue  of  the  chambered  shell  of  the  other 
Cephalopoda,  while  the  projecting  lamella — the  so-cailed  pro-ostra- 
cum — is  a  continuation  of  the  wall  of  the  most  anterior  chamber, 
and  the  massive  rostrum,  which  is  generally  the  best  preserved 
portion  of  the  whole  shell,  is  derived  from  the  simple  thickened 
layers,  which  are  formed  from  that  part  of  the  mantle  vfliich  is 
turned  over  tho  shell. 

The  so-c-alled  "  os  sepiEO  "  of  the  Sepiada)  is  a  flattened  shell  which 
is  completely  hidden  in  the  mantle ;  its  posterior  tip,  however,  often 
projects,  and  so  calls  to  mind  the  shell  of  the  Belemnites.  It  consists 
of  several  layers,  which  are  rich  in  orgauic  substances,  and  are 
separated  from  one  another  by  layers  of  calcareous  deposits  in  such 
a  way  that  it  appears  to  be  made  up  of  superimposed  lamellae.  The 
outermost  lamella,  which  is  turned  towards  the  dorsal  surface  of 
the  nnim^,  is  pretty  firm;  it  passes  directly  into  tho  posterior  end 
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of  tlie  shell,  and  forms  tlie  groundwork  for  the  lamellar  deposits, 
which  often  become  very  thick  on  the  inner  face  of  the  shell,  the 
CLirvo  of  which  ia  slight.  These  shells  may  be  directly  deriired  fi'om 
those  of  the  Belemnites,  especially  if  we  take  into  consideration  those 
shells  which  have  a  free  projecting  tip,  like  the  shell  of  S.  Orbig- 
niaua.  The  solid  tip  corresponds  to  the  rostrum  of  the  Boleinnites, 
while  the  alveolar  cavities  of  these  latterj  and  the  pro-oatracam,  which 
is  continued  on  from  their  dorsal  surf  ace,  is  homologous  with  the  rest 
of  the  shell  of  the  Sepiadic,  The  partitions  which  form  the  chambers 
of  the  phragmocone  iu  the  alveoli  of  the  Belemiiitos  are  represented 
by  the  flat  or  slightly  concave  lamolh^  of  the  shell  of  the  Sepiada3. 
Tbe  layers  succeed  one  another  directly,  instead  of  forming  separate 
chambers.  In  this  way  the  complicated  shell  of  the  Bclemnitos, 
when  reduced,  may  be  easily  seen  to  bo  represented  in  a  lower  con- 
dition of  the  shells  of  the  Sepiadte.  The  shell  of  tho  Loliginid;^  is 
still  more  reduced;  it  is  merely  formed  by  an  elongated  flexible 
horny-blad©  (calamus),  which  is  placed  in  the  dorsal  region  ol  the 
mantle*  An  outwardly  projecting  carina  extends  along  the  middle 
line.  This  rudimentary  shell  cotxesponds  to  the  external,  curved,  and 
more  highly  organic  portion  of  the  shell  of  the  Sepiadse,  and  is  there- 
fore homologous  with  the  horny-blade  of  a  Belemnite  shelL  Finally, 
in  tbe  genus  Octopus,  where  the  mantle  is  not  separated  from  the  head 
in  the  region  of  the  neck,  we  find  a  pair  of  thin  plates,  embedded  in 
the  dorsal  integument ;  these  are  the  last  traces  of  a  shell  formed 
by  the  mantle,  and  are  in  all  respects  comparable  to  those  described 
as  existing  in  the  Gastropoda.  Inasmuch  as  the  shell  ia,  even  in  tho 
Cephalopoda,  formed  in  the  earliest  stage  by  an  invagination  of  the 
mantle  (Sepia),  the  internal  and  external  shells  are  closely  allied ;  and 
at  the  same  time  we  may  see  that  they  are  connected  with  the  shells 
of  other  Mollusca. 

The  shell  of  Argonauta  is  to  be  i^garded  aa  altogether  different 
from  all  these  shells,  which  are  intelligible  when  closely  compared j  it  is 
not  secreted  by  the  mantle,  but  by  a  pair  of  arms,  which  do  not  lay 
down  lamellar  deposits.  In  the  Gastropoda  we  met  with  a  special 
arrangement  by  which  the  so-called  **  operculum  *'  was  formed ;  we 
found  this  on  the  dorsal  surfaco  of  the  end  of  the  foot  in  many 
Prosobranchiata,  where  it  served  to  shut  in  the  animal,  when  it  was 
retracted  into  its  shell.  The  question  now  arises,  may  not  this 
structura  be  also  derived  fi'om  one  plate  of  the  Placophora  ? 


[E.  Rat  Li^NKsstKRi  Developt*  of  the  Pood  Snail. 
1874.] 


Qaartetly  Jonm.  Mictobo.  ScL 
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§  260- 

The  kind  of  respiratory  organs — ^branclii^e — which  obtains  in  the 
Mollusca  is  in  correlation  w^ith  their  aquatic  habitat ;  these  are  always 
differentiations  of  the  integument,  and  have  consequently  a 
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priniitivelj  Hiiperficial  position,  altlion^h  tliej  become  covered  over 
by  folds  of  other  regions  of  tbe  iiiteguracnt  (mantle),  and  so  come  to 
be  placed  in  a  special  cavity — the  branchial  cavity. 

The  function  of  I'espiration  is  part  of  the  doty  of  the  integu- 
ment, but  it  does  not  seem  to  bo  always  localised  in  homologous 
regions,  so  that  we  cannot  regaixl  all  the  organs  which  appear  to  be 
gills  as  morphologically  identicab  As  a  rale  tbe  gills  of  the  Mollusca 
are  processes  which  are  placed  at  the  sides  of  tbe  body^  and  when 
least  metamorphosed  aris?o  between  tbe  foot  and  the  mantle  (cf. 
Fig.  167,  A  B  br).  They  vary  very  greatly,  not  only  as  to  the 
extent  of  the  body  which  they  occupy,  but  also  in  the  way  in  which 
they  are  connected  with  different  parts.  In  the  Placophora  they 
merely  form  a  series  of  folds  or  bmolla?,  which  encircle  the  body 

between  the  foot  and  the  mantle, 
and  appear  to  be  fonned  from  tbe 
epipodium  (epipodial  gills). 

In  tbe  Lamellibranchiata  they 
form  lamellar  organs,  which  project 
between  the  mantle  and  the  visceral 
sac,  which  ends  with  the  foot,  into 
the  cavity  enclosed  on  either  side  by 
the  mantle  (Fig.  1 76,  br  hr).  Their 
free  edge  is  directed  towards  the 
ventral  surface. 

Almost  all  the  Laniellibranchiat.a 
have  two  pairs  of  these  gills  on 
either  side,  an  inner  pair,  which 
are  placed  mediad,  and  an  outer 
pair  at  the  sides  of  these.  The 
former  are.  often  the  larger.  Ex- 
cept in  Anomia,  where  there  are 
a  large  number  of  other  adaptive 
modifications,  the  gills  are  arranged 
gym  metrically.  Each  gill -lamella 
is  developed  from  a  row  of  pro- 
cesses which  bud  out  close  to  one  another;  in  many  forms  these  pro- 
cesses remain  separate  from  one  another,  and  form  separate  branchial 
filaments,  parallel  with  each  other  (Mytihia,  Avicuhi,  Area,  Pectun- 
cuius,  Pecten,  Spondyhis).  In  most,  however,  the  gills  lose  this 
embryonic  condition,  owing  to  the  concrescence  of  the  gill-filaments. 
Owing  to  this  union  of  the  flattened  filaments  or  lamclhe,  which  have  • 
their  surfaces  directed  towards  one  another,  a  gill -plate  in  formed  ; 
this  in  either  effected  by  the  mere  adhesion  of  the  filaments,  or  by  con- 
crescence; in  the  latter  case  pad-like  projections  appear  on  each  of 
the  gill-filaments  at  regular  distances  from  one  another,  and  these 
unite  together.  As  fine  clefts  are  left  between  these  junctions,  by 
which  the  water  passes  through  tbe  gills,  each  plate  forms  a  kind  of 
lattice-work.  These  filaments  are  not  simple  prolongations,  but  loops, 
80  that  they  enclose  a  space  (intrabranchial  gpace);  when  the  gill- 


Fig.  l/G^  Vi>riiia]  section  through  an 
ATiodouta.  m  Mantle.  I^r  Outer  j 
br'  Inner  gilLlnniella,  /Foot*  t' Ven- 
tricle* a  Auricle,  pp'  Pericardial 
cavity,    t  Enteric  canal. 
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filaments  grow  together  this  space  traverses  the  whole  of  the  gill- 
plate,  and  communicates  with  the  exterior  by  means  of  the  clefts 
between  the  filaments.  The  water  which  enters  by  these  clefts  is 
collected  into  a  canal  at  the  point  where  the  plate  is  attached ;  and 
is  carried  by  it  to  the  hinder  end  of  the  body. 

There  are  chitinous  rods  in  each  of  the  gill-filaments,  which  form 
a  special  organ  of  support. 

-  The  surface  of  the  whole  gill  is  covered  by  ciliated  epithelium. 
Rows  of  large  cilia  extend  along  the  ridge-like  projections  of  the 
gills;  between  these  there  are  finer  closely-packed  cilia,  and  the 
two  together  keep  up  a  continual  stream  of  water.  There  is  a 
groove  at  the  free  edge  of  each  gill-plate ;  this  is  formed  by  depres- 
sions on  each  of  the  gill-lamelke  and  is  invested  by  longer  cilia ;  it 
leads  to  the  mouth,  and  so  produces  a  current  of  water,  which  is 
well  adapted  to  bring  in  nutriment. 

Great  modifications  of  this  system  are  brought  about  by  the 
fusion  of  the  gills  of  the  two  sides;  this,  which  obtains  posteriorly 
to  the  foot,  is  either  effected  by  the  direct  junction  of  the  free  edges, 
or  by  the  development  of  a  special  membrane,  which  unites  the 
gills  of  either  side  together.  This  fusion  is  best  seen  in  the  falci- 
form curved  gill -plates  of  Anomia,  where  the  whole  branchial 
apparatus  is  separated  from  the  greatly-reduced  visceral  sac,  and  is 
no  longer  lateral  in  position. 

[B.  HoLiCAN  Peck,  The  stmotnre  of  the  Lamellibranch  gill.    Quart.   Jonmal 
MicroBC.  Sol  1876.] 

Bonnet,  B.,   Der  Bau   n.   die   Circulationgyerh&ltnisse    dcr    Acephalenkieme. 
Horphol.    Jahrb.  III. 

§261. 

The  branchial  apparatus  of  the  Gastropoda,  though  greatly 
varied  in  details,  is  arranged  in  very  much  the  same  way  as  in  the 
Lamellibranchiata ;  that  is  to  say,  it  is  typically  made  up  by  lamellae, 
or  by  more  distinctly  cylindrical  processes,  which  are  arranged 
parallel  to  one  another.  These  project  from  the  surface  of  the  body, 
and  are,  therefore,  bathed  by  the  surrounding  medium,  the  water, 
while  a  current  of  blood  passes  along  them  internally.  This  simi- 
larity is  still  more  marked  by  their  position  relatively  to  the  mantle, 
for  they  have  just  the  same  relation  to  it  as  have  the  gills  of  the 
Lamellibranchiata.  As  compared  with  these  latter  they  are  less 
numerous  and  more  confined ;  their  structure  is  comparatively  much 
simpler.  The  epipodial  gill  is  arranged  circularly  in  the  Placophora, 
as  it  is  also  in  Patella ;  but  in  other  Patellidae  (Lottia)  the  two  pinnate 
branchiae  are  more  distinctly  dorsal,  so  that  they  seem  to  be  different 
from  the  epipodial  gills.  Fissurella  and  Emarginula  also  have  their 
two  gills  placed  in  the  anterior  region  and  below  the  mantle*  In 
Haliotis  also,  they  are  distinctly  paired,  but  they  are  placed  more  to 
the  left  hand  of  the  animal.  They  are  also  characteristically  modified 
in  the  Zeugobranchia.  In  the  Anisobranchia  the  left  gill  is  smaller, 
and  the  right  one  more  largely  developed ;  this  arrangement,  which  is 
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dtstinctljnllied  to  tlie  nrraiig'enieiit  in  the  Zougobraiiclua/is  aJapf 
to  the  asytniiit'try  of  tlio  liraiicliial  cavity,  wliicli,  again,  is  dependent 
on  the  characters  of  the  shell.  The  smaller  gill  is  generally  approxi- 
mated to  the  other,  and  becomes  asymmetrical  in  position ;  in 
Rome  Prosobranehiata  it  disappears  altogether  (Janthina,  Neritaceae, 
Hcteropoda), 

The  right  gill  is  generally  developed  on  one  side  only,  so  that 
it  IB  semi-pinnatOj  owing  to  the  disappearnuco  of  the  second  row  of 
latnellce.  Although,  as  a  geneml  riilej  we  find  the  lamellar  structure 
to  bo  the  moBt  common,  a  few  (Calyptra^a,  Grepidula)  have  fila- 
montons  gills,  and  bo  call  to  mind  the  primitive  form  of  the  Lamelli- 
branch  gilL 

The  gills  become  modified,  and  may  disappear  altogether  when 
the  nmntle  and  the  brauchial  cavity  are  atrophied.  This  happens 
in  various  divisions  ;  thus,  in  the  Heteropoda,  among  the  Proso- 
branehiata, the  gill  of  Carinaria  is  not  covered  over  by  the  mantle; 
in  Pterotrachca,  where  there  is  no  mantle  at  all,  the  gill  is  quite 
free,  while  in  FiroloTdes^  the  gill,  as  well  as  the  mantle,  disappears, 

Among  the  Opisthobraochiata  the   characters  of  the  gilla  are 
eqnally  dependent  on  the  condition  of  the  mantle.     There  is  a  gill 
on  either  side,  between  the  mantle  and  the  foot  (Fleurophyllidia),  or 
there  is  only  a  single  gill  in  the  gill-chamber,  or,  finally,  the  gill  is 
only  partly  covered  over  by  tho  mantle  (Tectibranchinta).     WTien 
the  shell  and  mantle  disappear,  gill-like  struc- 
tures may  bo  developed  on  tho  dorsal  snrface  of 
the  body,  as  in  some  of  the  Nudibranchiatn, 

Lamellar^  or  tnfted  and  branched  appen- 
dages, are  sometimes  developed  in  the  anal 
region  (Doris),  sometimes  in  rows  over  tho 
whole  body  (Tritonia,  Scyltea),  If  we  are 
right  in  regarding  the  possession  of  a  shell  by 
tho  larvED  of  all  the  Opisthobmnchiata  as  a  fact, 
which  proves  conclusively  that  these  Gastro- 
poda are  derived  from  shelled  forms,  and  if  wo 
most  suppose  that  the  primitive  position  of  the 
gills  was  within  the  mantle-cavity,  then  we 
must  regard  tho  arrangement  of  the  gills  in 
tho  Doridida^  as  having  been  inherited  in  its 
essential  features  from  this  condition,  for  we 
must  remember  that  the  anus  also  is  placed  in 
the  mantlo-cavity*  Thero  are  many  inter- 
mediate steps  between  this  and  the  more 
general  distribution  of  gills  over  tho  back  of 
the  body  ;  and  further,  these  gills,  howsoever 
modified,  and  howsoever  peculiar  their  form, 
are  never  anything  more  than  mere  processes 
of  the  iptegument.  Their  varied  extonial  form 
Ok  vW  t\^  tMr  nuporficial  position,  which  is  duo  to  the  loss  of  the 
^Hlillift^lllhllittTCBtad  them  ;  and  it  is  because  of  its  absence  that  they 
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lose  their  apparently  specific  structure,  and  get  to  be  more  and  more 
like  the  surrounding  integument,  of  which  they  form  processes  varying 
greatly  in  character.  Their  relations  to  the  circulatory  apparatus  are 
of  great  significance  as  bearing  on  this  view,  for  they  so  far  agree 
completely  in  character  with  the  true  gills.  Lastly,  when  most 
differentiated,  the  gills  are  seen  to  be  distributed  over  the  whole 
of  the  dorsal  region  of  the  body,  where  they  form  one  or  more  rows 
of  papillaa,  or  vSlous  processes  on  either  side ;  these  again  may  be 
branched  (iEolidiae).  The  loss  of  the  shell  is  the  cause  of  the 
wider  distribution  of  the  gills,  just  as,  on  the  other  hand,  the  forma- 
tion and  development  of  this  organ  of  defence  was  the  cause  of  the 
gills  being  more  limited  in  extent. 

These  gills  are  atrophied  in  many  Opisthobranchiata,  when  the 
whole  of  the  integument  takes  on  the  respiratory  function  (Phyllirhoe, 
Elysia,  Pontolimax). 

§  262. 

Another  arrangement  of  the  respiratory  apparatus,  which  is  a 
modification  of  the  one  first  described,  is  due  to  the  development  of 
the  respiratory  canal-system  in  the  walls  of  the  mantle-cavity.  In 
many  of  the  branchiate  Gastropoda  this  network  of  canals  extends 
beyond  the  gills  into  the  neighbouring  parts  of  the  branchial  cavity, 
which  are  thereby  enabled  to  take  part  in  the  respiratory  function. 
In  this  way  the  mantle-cavity  is  adapted  to  taking  in  air,  and 
becomes  a  lung.  An  organ  of  this  kind — ^which  is  not  at  all  adapted 
for  those  Molluscs  that  are  so  organised  as  to  be  fit  for  an  aquatic  life  • 
— is  found  in  various  forms,  which  belong  to  very  different  divisions, 
and  it  is  to  be  regarded  as  due  to  a  change  in  their  mode  of  life.  A 
lung  is  present,  in  addition  to  a  gill,  in  Ampullaria ;  in  this  animal 
it  forms  a  sac,  which  is  placed  by  the  side  of  the  gill,  and  is  pro- 
vided with  a  contractile  orifice.  In  the  terrestrial  genus,  Cyclostoma, 
the  gillhas  disappeared  altogether. 

There  is  a  lung  in  Onchidium,  but  it  is  also  a  renal  organ.  A 
similar  cavity  is  found  close  to,  and  has  the  same  orifice  as,  the 
renal  organ  in  the  Helicinse  and  Limacinse ;  this  functions  as  a  lung. 
In  the  Lymnaeidse  and  Planorbidae,  however,  the  mantle-cavity  itself 
is  adapted  to  the  reception  of  air.  But  in  these  forms  the  abran- 
chiate mantle-cavity  also  serves  as  a  water-breathing  organ,  for 
many  Lymnaeidae  are  known  to  live  always  in  deep  water. 

§  263. 

In  the  Gymnosomatous  Pteropoda  either  the  whole  of  the  integu- 
ment (Clio)  serves  as  an  organ  of  respiration,  or  processes  are 
developed  from  its  surface  which  function  as  gills  (Pneumodermon). 
In  the  thecosomatous  forms  only  do  we  meet  with  plaited  folds 
(Hyalea),  which  are  placed  in  the  mantle-cavity  (Fig.  171,  A  br),  and 
so  far  resemble  the  arrangements  which  obtain  in  the  rest  of  the 
MoUusca ;   their  position  is  the  same  as  that  of  the  gills  in  the 
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Ceplialopoila.  lu  tlicso  ktter  the  gills  arise  in  just  tbe  same  way — 
between  the  nmiitlo  aud  the  foot  (Fig,  171,  B  i>r)— as  tbej  do  per- 
raanentlj  in  many  Gastropoda.  When^  however,  the  mantle  is 
developed  they  sitik  downwards,  and  are  then  placed  in  a  mantle- 
cavity,  which,  as  compared  with  the  Gastropoda^  appears  to  open  on 
the  hinder  surface.     The  gills  are  arranged  symmetriailly  in  all  of 


Fig,  179.  Mantle- cavity  and  funnel  of  Sopia  off  jciiialis.  The  mantle- cavity  1 
beoQ  opencil  by  aa  inoision  alonsf  tho  niiddlo  lino.  Iq  it  is  &ecii  tho  vi»ocral 
projecting,  while  post<?riorly  to  it  two  mijscnlnr  liranchcs  arc  giTOn  off  (m)  to  the 
funnel  and  head.  Br  BranchiiP.  r  ?»r  Bmnchia!  vein,  v  h/  ItB  bulbous  enlargemeTit. 
t  Itik-bag.  r  On  flee  of  th©  excrotorj  organ,  opeuc<l  on  the  right  Bide,  and  displaying 
ftt  R  tho  vcnona  appendage,  tj  Genital  papilla,  a  Anna.  J  Funnel,  opened  by  an  in- 
oiflion  along  the  middle  line,  t  To np^ue-H bailed  organ,  e  DeproBsion  f or  theprocera  at 
tho  edge  of  tho  mantle  (pallial  bingo)  c'.     C  Head.     P  Flub, 

tliem ;  there  are  two  pairs  in  the  NantiluSj  but  only  one  in  all  the 
other  extant  Cephalopoda. 

As  a  rule,  each  gill  is  pyramidal  in  form,  with  tho  apex  directed 
towards  the  side,  and  its  base  towards  the  middle  line  (Fig.  17Sj  Br), 
It  either  consists  of  closely-approxiniatod  lamellte,  which  gradually 
increase  in  number  at  the  tip  (Nautilus,  ajid  most  Loliginidne),  or 
of  several  much-coiled  dermal  folds,  w^hich  arise  between  tho  two 
branchial  vessels  which  pass  to  the  edge  of  the  mantle  {Octopoda), 
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In  this  group  the  mecLntiisin  of  respiration  m  combined  with  tho 
locoraotiun  of  the  animal.  Each  time  that  the  muscles  of  the  edge 
of  the  mantle  relax,  water  passes  into  the  branchial  cavity  by  its 
oriiice,  that  is,  at  each  side  of  the  funnel  ;  after  it  baa  bathed 
the  gills  it  is  driven  out  again  by  the  contractions  of  the  mantle. 
At  this  jtioment  the  cleft  of  tho  branchial  cavity  is  closed^  bo  that 
tbo  water  can  not  get  out  exi-ept  by  the  funnel  j  and  this  serves  not 
only  as  the  passage  by  which  the  water  reachea  the  cxteriorj  but 
also  takes  au  active  share  in  driving  it  out. 


Internal  Skeleton. 

§  2G4. 

In  most  iloUusca  the  absence  of  an  internal  skeleton  is  compen- 
sated by  the  shells  and  tests  described  in  §  258;  for  these  serve 
as  supports  for  tbo 
internal  parts. 

Independent  in- 
ternal organs  of  sup- 
port are,  liowever, 
found  in  the  Gastro- 
poda, Two,  or  some- 
times four,  Bmall 
plates  of  cartilage  are 
found  in  the  head  of 
these  animals  ;  they 
are  surrounded  by  the 
muscles  of  the  pha- 
rynx, and  are  more  or 
less  closely  connected 
with  one  another. 
They  form  the  sup- 
porting apparatus  of 
the  radula  and  tho 
parts  connected  with 
it,  and  also  afford 
points  to  which  some 
of  the  pharyngeal 
nniacles,  and  especi- 
idly  tliosc  of  tho  ra- 
dula, are  inserted* 

Cartilaginous  or- 
gans of  support  are 
much  more  highly  de- 
veloped in  the  Cepha- 
lopoda, The  most  impoHant  one  lies  in  tho  head,  where  it  serves 
as   an  investment  of  the   nerve-centres,   a   support  for  the  optic 


Fi^.  179*  5^oct^o^l  tKiough  ike  hc?at]  of  Sepia  off ieu 
nuIJEf.  A'  K"  Coplialif  cartilaj^oa.  /j  CerebrLim.  cfo  O  an. 
f(lioti  of  tho  optic  nerve,  tv  Whit©  body,  I  Lena,  ri  Ciliary 
body,  e  Cornea,  p  Eyelid,  P  Bnccal  masa.  m  Eitornft), 
ulnterniil  labial  membrane,  e/Jaws,  rlladula.  o«  CEso- 
plmgiTi,     t  Arms. 
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aud  auditory  organs,  as  well  as  the  point  of  origin  of  a  largo 
number  of  muscles.  In  Nautilus  this  cephalic  cartilage  is  formed 
of  two  pieces,  united  along  the  middle  line,  and  drawn  out  into 
anterior  as  well  as  posterior  pi'ocesses;  these  surround  the  com- 
mencement of  the  oesophagus.  In  the  Dibranchiata  the  cephalic 
cartilage  is  nmcli  better  developed.  It  consists  of  a  median  portion, 
which  is  traversed  by  the  oesophagus  (Fig.  179,  K),  and  of  two 
lateral  processes,  which  are  sometimes  mere  flat  enlargements,  in 
which  case  accessory  cartilaginous  plates  are  added  on  to  them  to 
form  the  orbits;  at  other  times  they  are  more  highly  developed, 
are  then  continuous  with  superior  processes  {K'),  and  completely 
enclose  the  orbits.  The  central  nervous  system  (O)  is  placed  on 
that  portion  of  the  cephalic  cartilage  which  is  traversed  by  the 
oesophagus. 

The  Dibranchiata  are  provided  with  additional  cartilaginous 
skeletal  pieces.  A  dorsal  cartilage  is  the  most  common.  In  the 
Sepiada)  this  forms  a  semi-lunar  piece,  which  lies  in  the  anterior 
dorsal  region  of  the  mantle,  and  is  continued  into  two  small  lateral 
corhua ;  in  Octopus,  where  there  is  no  median  pieces,  we  find  the 
comua  only. 

There  is  a  cartilaginous  plate  in  the  neck  also,  in  addition  to 
two  cartilages  at  the  base  of  the  funnel — the  hinge-cartilages. 
These  are  less  constantly  present  than  those  which  lie  at  the  base  of 
the  fins,  and  which  are  found  in  all  Dibranchiata  provided  with  fins, 
for  they  servo  as  the  point  of  attachment  for  the  muscles  of  these 
organs. 


Muscular  System. 
§  265. 

We  can  understand  how  it  is  that  separate  groups  of  muscles 
are  so  feebly  developed,  if  wo  bear  in  mind  that  there  is  a  dermo- 
muscular  tube  united  with  the  integument  and  external  organs  of 
support,  and  that  these,  notwithstanding  the  great  modifications 
which  they  undergo,  have  very  much  the  same  character  in  all  cases. 
With  this  may  be  correlated  the  absence  of  internal  organs  of 
support  in  the  lower  divisions,  and  their  relatively  slight  develop- 
ment in  the  higher  ones.  The  muscular  system  is  made  up  of  band- 
like fibres,  which,  not  unfrequently,  give  indications  of  their  greater 
differentiation  by  the  possession  of  transverse  striae. 

In  the  Lamellibranchiata  the  adductor  muscles,  which  pass  either 
transversely  or  obliquely  through  the  body  from  one  valve  to  the 
other,  are  those  that  are  best  developed.  There  are  either  two  of 
them,  which  form  bundles  separated  by  some  distance  from  one 
another,  one  anterior  (Fig.  167,  m  a),  and  the  other  posterior  (mi  p), 
as  in  Unio  or  Anodonta;  or  there  is  but  one  muscle,  which  corre- 
sponds to  the  hinder  one  of  the  Dimyaria,  and  occupies  the  middle  of 


Muscles  of  mollusca.  3-^3 

tho  shell  (Pecten,  Ostrea).  Special  muscles,  which  are  interwoven 
with  the  integument,  serve  as  retractors  of  the  foot ;  these  arise  from 
the  dorsal  portion  of  the  shell,  and  are  sometimes  broken  up  into 
several  pairs.  These  retractors  are  also  found  again  in  the  shelled 
Gastropoda.  They  generally  form  a  single,  but  sometimes  a  double 
muscle,  which  arises  from  the  base  of  the  shell,  and  which  passes  to 
the  anterior  regions  of  the  body,  increasing  in  size  as  it  does  so. 
It  supplies  the  foot  as  well  as  the  head,  and  the  anterior  region 
of  the  digestive  tube  (pharynx);  while  further  it  gives  off  special 
bundles  to  the  other  protractile  regions,  that  is,  to  the  tentacles  and 
copulatory  organ.  The  muscle  which  arises  from  the  columella  of  tho 
shell,  and  accompanies  it,  is  known  as  the  columella  muscle.  In  the 
Heteropoda  it  has  a  wide  origin  in  the  carinate  foot.  In  the  Ptero- 
poda  it  spreads  out  into  the  fins  given  oflE  from  the  foot.  In  addition 
to  these  muscles  other  bundles  are  given  off  to  the  viscera. 

The  muscular  system  of  the  Cephalopoda  is  much  more  differen- 
tiated, in  correlation  with  the  formation  of  an  internal  skeleton. 
Two  powerful  retractors  are  attached  to  the  cephalic  cartilage  in 
Nautilus ;  these  arise  from  the  sides  of  the  shell-chamber  occupied  by 
the  animal.  In  those  Decapoda  that  have  an  internal  shell  these 
muscles  take  their  origin  from  the  wall  of  the  outer  wall  of  the  shell; 
and  in  the  Octopoda,  from  a  cartilage  found  at  that  spot.  Two 
branches  are  given  off  from  these  two  muscles,  which  pass  to  the 
funnel.  Another  and  much  larger  pair  of  muscles  arises  in  the  neck 
of  the  animal,  and  broadens  out  towards  the  ventral  surface,  where 
they  pass  into  the  funnel.  The  muscles  in  the  mantle  are  also 
arranged  in  separate  layers,  as  are  also  the  fin-muscles.  Lastly, 
there  is  the  greatly-developed  muscular  system  of  the  arms,  which 
partly  arises  from  the  cephalic  cartilage,  and  surrounds  a  canal 
which  passes  along  the  axis  of  the  arm. 


Nervous  System. 

Central  Organs  and  Nerves  of  the  Body. 

§  266. 

This  system  of  organs  also  has  points  in  which  it  resembles  that 
of  the  Vermes.  The  whole  of  the  central  apparatus,  that  is,  is  divided 
into  a  superior  ganglionic  mass,  which  lies  above  the  commencement 
of  the  oesophagus,  the  supra-oesophageal  or  cerebral  ganglia,  and  a 
ventral  mass  which  is  connected  with  the  other  by  commissures, 
and  forms  the  inferior  or  pedal  ganglia.  They  are  both  paired. 
The  earliest  rudiment  of  the  cerebral  ganglia  is  seen  as  a  differen- 
tiation of  the  ectoderm,  the  form-elements  of  which  grow  inwards, 
and  are  accompanied  by  the  rudiments  of  the  eye  (Gastropoda). 
The  relations  between  the  cerebral  ganglia,  and  the  higher  sensory 
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organs  wliicli  aro  placed  in  the  head,  prove  that  these  ganglia 
arc  homologous  with  the  cerebral  gangUa  of  Veroies  (and  of 
Arthropoda).  The  pedal  ganglia  may  also  be  derived  from  a  more 
simple  condition,  for  in  many  of  the  lower  MoUasca  we  find  them 
replaced  by  an  arrangement  which  corresponds  to  the  ventral  chord 
of  the  Annulata.  Longitudinal  trunks  aro  given  off  from  the  pedal 
ganglia^  and  aro  distributed  along  the  foot;  since  they  are  con- 
nected together  by  transvcrae  chords,  they  are  arranged  in  the  same 
manner  as  a  ventral  nerve-chain. 

Although  there  may  be  nothing  really  fresh  in  this  arrangement 
of  the  nervous  system,  inasmuch  as  the  two  ventral  (or  pedal)  ganglia 
must  be  regarded  as  a  concentrated  nervous  mass,  which  is  broken 
up  in  lower  forms,  and  constitutes  a  ventral  ganglionic  chain;  yet  the 
greatly-developed  visceral  ganglia  form  an  arrangement  wnicli  is 
nothing  like  so  well  marked  in  the  Vermes  as  it  is  here.  In  the 
Mollusca  the  visceral  ganglia  are  not  only  of  importance  as  forming 
a  part  of  the  general  nervous  system,  but  they  may  also  fuse  with  the 
cerebral  ganglia,  owing  to  the  gradual  shortening  of  their  commissures. 
New,  and  primitively  peripherdlly-placed  parts,  are  thereby  added  on 
to  these  central  organs ;  and  it  becomes  a  matter  of  doubt  whether 
or  no  those  ganglia,  which  formerly  belonged  to  the  visceral  nervons 
system,  should  still  be  regarded  as  belonging  to  it.  These  parts 
of  the  nervous  system  which  supply  the  viscera  (heart,  branchial 
apparatus,  and  generative  organs)  are  the  cause  of  great  complica- 
tions of  the  whole  system  ;  owing  to  the  way  in  which  they  vary  in 
number  in  different  divisions,  they  make  comparison  very  difficult, 

as  indeed  also  do  the  great  modifica- 
tions in  position  undergone  by  the 
primitive  ganglia,  in  consequence  of 
the  abbreviation  or  elongation  of  their 
commissures. 

The  nervous  system  of  the  Placo- 
phora  is  one  of  the  lowest  found.  A 
nervous  band  formed  of  two  chords 
(Fig.  180,  C)  surrounds  the  oesophagus, 
but  there  are  no  superior  enlargements 
on  it;  this  is  probably  due  to  the  absence 
of  eyes  and  tentacles.  ITie  inner  of  the 
two  chords  is  continued  separately 
below  the  oesophagus ;  part  meets  its 
fellow  of  the  other  side  in  the  snbpha- 
ryngeal  ganglion  and  part  passes  on 
to  a  pedal  ganglion  (P).  Each  of  these 
bilateral  ganglia  gives  off  a  thick  nerve- 
trunk,  which  passes  backwards,  and 
which,  like  the  ganglia  themselves, 
is  connected  with  the  trunk  of  the  op- 
posite side  by  transverse  anastomoses  set  at  regular  distances ;  nerves 
arc  given  off  to  the  foot  from  corresponding  points.    '^^^  outer  chord. 


Fip.  IHO.  Nervous  system  of 
Chiton  c i n c r on s.  C  Cerebral 
nervo-chonl.  P  Pedal  gangUn. 
j)l  Ptillial  nerves,  p  Pedal  nen-es. 
B  Buccal  ganglia  (after  U.  v. 
Jhcring). 
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extending  over  the  coaopliagus,  passes  along  the  sides  of  the  body  iii- 
teniallj  to  the  branchiie,and  forms  the  pallinl  nerve-trunk  (pi).  There 
is  also  a  group  of  four  small  ganglia  below  the  oesophagus  (sublingual 
ganglia).  The  two  trunks  of  the  pedal  nerves  arc  thicker  than  the 
commissures  which  pass  to  them  from  the  nervous  baud;  they  must 
consequently  be  regarded  as  central  parts  of  the  system.  They  aecni 
to  be  the  longitudinal  truuks  of  a  '*  ventral  meduMa/'  in  which  the 
ganglionic  cells  are  not  definitely  distributed  into  distinct  groups  any 
more  than  they  are  in  the  Gephyrea,  The  structure  of  this  chord  re- 
quiresj  howeverj  to  bo  further  investigated.  The  principal  point 
in  the  arrangement  of  the  nervous  system  in  the  Placophora  is  that 
we  may  recognise  in  it  just  the  same  relation  of  parts  as  in  the 
Solenogastres,  and  specially  iu  Chaetoderraa  (§  121). 

§  267. 

The  relatively  feeble  development  of  the  cerebral  ganglia  iu  the 
Lamellibranchiata  is  due  to  the  absence  of  a  head,  and  its  related 
sensory  organs.  These  ganglia  (Fig,  181^  a)  are  often  placed  so 
much  to  the  side  that  tliere 
is  a  long  commissure  be- 
tween them  (Lucina,  Pauo- 
paeaj  Anodonta^  Unioj 
MytilaSj  Area,  Cardinm, 
Pholas,  etc.).  A  few  smaller 
branches  only  are  given  off 
in  addition  to  the  large  vis- 
ceral commissures.  There 
are  two  pedal  ganglia  in- 
stead of  the  pedal  nerve- 
trunks,  the  nerves  from 
which  are  distributed  in  tho 
ventral  portion  of  the  body, 
and  especially  in  the  foot. 
They  are  placed  at  the  root 
of  the  footj  and  are  some- 
times  deeply  imbedded  iu 
it.  The  commissural  chords 
vary  in  length  in  propor- 
tion to  tlie  development  of 
the  foot  J  and  tlio  distance 
between  it  aud  tlie  anterior 
]>arts  of  the  body.  When 
the  foot  is  feebly  developed, 
or  when  it  is  produced  very 
far  forwards,  the  cerebral 
and  pedal  ganglia  may  be  markedly  approximated  (Solen,  Mactrn). 
They  may  indeed  come  to  be  directly  approximated,  as  in  Pec  ten 
(Fig.   182,  r),  where  the  smaller  pedal  ganglia  are  placed  between 


Cytheroa 
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organs  which  are  placed  in  the  head,  prove  that  these  ganglia 
are  homologous  with  the  cerebral  ganglia  of  Vermes  (and  of 
Arthropoda).  The  pedal  ganglia  may  also  bo  derived  from  a  more 
simple  condition,  for  in  many  of  the  lower  Mollusca  we  find  them 
replaced  by  an  arrangement  which  corresponds  to  the  ventral  chord 
of  the  Annulata.  Longitudinal  trunks  are  given  oflf  from  the  pedal 
ganglia,  and  are  distributed  along  the  foot;  since  they  are  con- 
nected together  by  transverse  chords,  they  are  arranged  in  the  same 
manner  as  a  ventral  nerve-chain. 

Although  there  may  bo  nothing  really  fresh  in  this  arrangement 
of  the  nervous  system,  inasmuch  as  the  two  ventral  (or  pedal)  ganglia 
must  be  regarded  as  a  concentrated  nervous  mass,  which  is  broken 
up  in  lower  forms,  and  constitutes  a  ventral  ganglionic  chain;  yet  the 
greatly-developed  visceral  ganglia  form  an  arrangement  which  is 
nothing  like  so  well  marked  in  the  Vermes  as  it  is  here.  In  the 
Mollusca  the  visceral  ganglia  are  not  only  of  importance  as  forming 
a  part  of  the  general  nervous  system,  but  they  may  also  fuse  with  the 
cerebral  ganglia,  owing  to  the  gradual  shortening  of  their  commissures. 
New,  and  primitively  peripherally-placed  parts,  are  thereby  added  on 
to  these  central  organs ;  and  it  becomes  a  matter  of  doubt  whether 
or  no  these  ganglia,  which  formerly  belonged  to  the  visceral  nervous 
system,  should  still  be  regarded  as  belonging  to  it.  These  parts 
of  the  nervous  system  which  supply  the  viscera  (heart,  branchial 
apparatus,  and  generative  organs)  are  the  cause  of  great  complica- 
tions of  the  whole  system  ;  owing  to  the  way  in  which  they  vary  in 
number  in  different  divisions,  they  make  comparison  very  difficult, 

as  indeed  also  do  the  great  modifica- 
tions in  position  undergone  by  the 
primitive  ganglia,  in  consequence  of 
the  abbreviation  or  elongation  of  their 
commissures. 

The  nervous  system  of  the  Placo- 
phora  is  one  of  the  lowest  found.  A 
nervous  band  formed  of  two  chords 
(Fig.  180,  C)  surrounds  the  oesophagus, 
but  there  are  no  superior  enlargements 
on  it;  this  is  probablydue  tothe  absence 
of  eyes  and  tentacles.  The  inner  of  the 
two  chords  is  continued  separately 
below  the  oesophagus ;  part  meets  its 
fellow  of  the  other  side  in  the  subpha- 
ryngeal  ganglion  and  part  passes  on 
to  a  pedal  ganglion  (P).  Each  of  these 
bilateral  ganglia  gives  off  a  thick  nerve- 
trunk,  which  passes  backwards,  and 
which,  like  the  ganglia  themselves, 
is  connected  with  the  trunk  of  the  op- 
posite side  by  transverse  anastomoses  set  at  regular  distances ;  nerves 
are  given  off  to  the  foot  from  corresponding  points.    The  outer  chord. 


Fig.  180.  Nervous  Bystom  of 
Chiton  cinercuB.  (7  Cerebral 
nerve-chord.  P  Pedal  ganglia. 
pi  Pallial  nerves,  p  Pedal  nerves. 
B  Bnccal  ganglia  (after  H.  v. 
Jhering). 
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other  hand,  the  same  nerves  in  Chaetoderma  (§  121)  are  connected 
with  a  terminal  ganglion. 

The  nervous  system  of  the  Scaphopoda  is  almost  exactly  similar  to 
that  of  the  LameUibranchiata. 


DuvEBNor,  Snr  le  BVBt^me  ncry.  des  Moll,  aoephales.    M^m.  Acad,  dos  So.  Paris. 
T.  XXIII. 

§  268. 

Owing  to  the  distinctness  of  the  head,  and  the  development  in  it 
of  several  sensory  organs,  which  are  often  very  highly  differentiated, 
the  nervous  system  of  the  Grastropoda  is  distinguished  broadly  from 
that  of  the  preceding  divisions  by  the  larger  size  of  its  cerebral 
ganglia.  These  are  connected  with 
the  ventral  parts  of  the  system  by 
a  commissure ;  in  the  lowest  of  the 
Prosobranchiata — the  Zeugobran- 
chia — the  nervous  system  has  many 
points  of  similarity  with  that  of  the 
Placophora.  For  instance,  a  rudi- 
ment of  a  ventral  ganglionic  chain 
can  be  made  out  in  Fissurella 
(Fig.  183)  and  Haliotis,  inasmuch 
as  the  nerves  from  the  pedal  ganglia 
—  pedal  nerves  —  are  united  by 
transverse  commissures.  The  pallial 
nerves  are  not  given  off  directly 
from  the  cerebral  ganglia,  but 
run  below  the  pedal  nerves,  and 
appear  to  arise  from  a  nervous 
mass  common  to  themselves  and 
these  latter.  The  epipodium  is 
supplied  by  the  branches  of  the 
paUial  nerves  {pi).  Double  commis- 
sures pass  from  the  cerebral  ganglia 
to  the  ganglionic  mass,  which  gives 
off  these  nerves;  one  of  them  is 
connected  with  the  pedal  nerve- 
trunks,  and  the  other  with  the 
pallial  nerves,  that  is,  with  the  vis- 
ceral nerves  given  off  from  the  same 
point.  In  the  rest  of  the  Proso- 
branchiata there  are  no  indications 

whatever  of  any  ventral  gangUonic  chain.  There  are  pedal  ganglia 
in  which  the  ganglionic  elements,  distributed  along  the  nerve-trunks 
of  Haliotis  and  Fissurella,  are  distinctly  concentrated.  At  the  same 
time,  the  relations  of  these  nerves  must  be  more  exactly  investigated. 
A  ganglion  seems  to  be  given  off  from  the  secondary  pedal  ganglia, 
and  to  pass  laterally  into  the  commissures,  and  so  to  be  as  much 


Fig.  183.  Nervous  sysfcom  of  Fissu. 
re  11  a.  C  Cerebral  ganglia,  cs  Their 
commissare.  p  Pedal  nerves,  pi  Pallial 
nerves.  A  Visceral  ganglion.  B  Buc- 
oal  ganglia  (after  H.  v.  Jhering). 
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connected  with  the  cerebral  aa  with  the  secoudary  fKidal  ganglia* 
lb  gives  off  the  pallial  nerves;  these  undergo  degeneration  in  pro- 
portion  to  the  extent  to  which  other  nerves  are  given  off  from  the 
same  commiKsaral  ganglia. 

In  some  of  the  Prosobranchiata  some  of  these  nerves  are  remark- 
able on  account  of  the  course  that  they  take.  They  are  present 
in  HaUotiSj  whore  they  pass  off  from  the  common  pedal  ganglionic 
niasa  (the  pallio-pedal  ganglia).  In  other  cases  they  are  given  off 
from  the  commissural  ganglia  (Fig,  184,  Co).  A  nerve  is  given  off  on 
the  right  side  which  passes  above  the  visceral 
mass  to  a  ganglion,  which  supplies  the  body- 
wall  (supraintestinal  ganglion)  (sj}).  From  the 
left  commisssnral  ganglion  a  nerve  passes  below 
the  viscera  to  a  subintestinal  ganglion  (sh), 
which,  like  the  fonner^  is  connected  by  a  com- 
missure with  an  abdominal  ganglion  (^4), 

The  two  nerves,  therefore^  which  are  given 
off  from  the  commissural  ganglia  cross  over 
oue  another;  this  peculiarity— namely,  that 
the  right  nerve  passes  to  the  left,  and  the  left 
to  the  right  side— makes  it  difficult  to  explain 
the  genesis  of  these  nerves.  It  is  probably 
due  to  changes  in  position,  which  have  not 
affected  the  internal  parts  only,  for  the  ganglia 
on  these  nerves  give  off  branches  to  the  body- 
wall.  Although  a  largo  number  of  the  Proso- 
brancliiata  are  distinguished  by  this  crossing 
of  the  nerves  (Chiastoneura),  it  docs  not  ob- 
tain in  another  division,  in  which  the  commis- 
sure to  the  abdominal  or  visceral  ganglion 
takes  a  straight  course  backwards  (Ortho- 
neura),  except  when  the  ganglion  appears  to 
bo  fused  with  the  right  commissural  ganglion 
(Nerita).  The  commissural  are  generally  separated  from  the  pedal 
ganglia,  and,  in  the  Heteropoda,  are  widely  so  (Carinaria),  and  in 
this  caso  the  commissures  are  proportionately  elongated.  The 
same  thing  happens  also  to  the  cerebro-pedal  commissm^es  in  the 
Heteropoda, 

There  is  a  commissure  between  the  pedal  ganglia  in  the  Tocti- 
branchiata,  which  are  consequently  pushed  more  to  the  sides  of  the 
body,  The  primitive  visceral  ganglia  are  also  placed  at  the  sides,  or 
between  the  pedal  and  cerebral  ganglia  (Umbrellaj  Gasteropteron) ; 
there  maybe  connnissural  ganglia  present,  just  as  there  are  typically 
in  the  Prosobranchiata,  which  send  off  connecting  chords  to  one  or  to 
a  pair  of  ganglia  which  supply  the  gills;  the  ganglia  appear  to 
correspond  to  the  above- men tioned  abdominal  ganglion  (Aplysia, 
Accra). 

The  pedal  ganglia  are  still  more  widely  separated  from  one 
another  in  the  Nudibranchiata,  and  are  thereby  approximated  to 
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the  cerebral  (Fig.  185) ;  the  visceral  ganglia  also  get  to  be  connected 
with  these  latter  owing  to  the  abbreviation  and  complete  disap- 
pearance of  the  commissures  between  them  (iEolidia).  A  dorsal 
plexus  of  ganglia^  which  lies  on  the  pharynx,  is  formed  by  the  more 
intimate  fusion  of  these  ganglia ;  in  each  half  of  this  plexus  the 
various  ganglia  which  compose  it  can  be  more  or  less  distinctly 
made  ont ;  several  commissures  are  given  off,  which  surround  the 
pharynx  (Doris,  Tritonia).  This  connection  of  the  ganglia  of  either 
side  may  lead  at  last  to  the  complete  fusion  of  the  ganglionic  masses 
of  either  side  into  a  single  one,  and  in  correlation  with  this  fusion 
the  previously  separate  commissures  may  be  represented  by  one 
only  (Tethys).  This  appears  to  be  a  lower  stage,  but  it  must  not 
be  regarded  as  an  early  arrangement, 
but  as  the  final  one  in  a  series  of  diffe- 
rentiations, exactly  similar  to  what  we 
found  to  obtain  in  the  Arthropoda.  In 
the  same  way  as  the  nerves,  which 
pass  off  from  the  single  nervous  mass, 
indicate  that  it  is  made  up  of  separate 
portions,  the  circum-oesophageal  com- 
missures prove  that  the  ventral  ganglia 
have  become  more  dorsal  in  position. 

The  nervous  system  of  the  Branchi- 
opneusta  is  similar  in  many  points  to 
that  of  the  Tectibranchiata,  and  similar 
relations  can  also  be  made  out  in  the 
Nephropneusta.  Both  divisions  are 
characterised  by  the  development  of 
their  cerebral  ganglia  into  several  por- 
tions, which  can  be  distinguished  as 
such  even  from  the  exterior. 


§  269. 


Fig.  185.  Central  nervous  system 
of  one  of  the  ^olidiao  (Fiona 
atlantica).  A  Supra-oesophageal 
mass,  formed  by  the  anterior  cere- 
bral,  and  posterior  yisceral  or 
branchial  ganglia.  B  Pedal  gan. 
glia.  C  Buccal  ganglia.  DGastro- 
oBsophageal  ganglia,  a  Nerve  to 
the  superior  (hinder)  tentacles. 
b  Nerve  to  the  inferior  tentacles. 
c  Nerve  to  the  generative  organs. 
d  Pedal  nerves,  e  Commissore  of 
the  pedal  ganglia,  t^  Commissure 
of  the  visceral  ganglia  (after  B. 
Bergh). 


The  genetic  relations  of  the  nervous 
system  of  the  Pteropoda  to  that  of  the 

Gastropoda  may  be  seen  in  the  Gymnosomata ;  the  Thecosomata 
differ  m  the  length  of  their  cerebral  commissures.  The  cerebral 
ganglia  either  retain  their  lateral  position  or  approach  the  pedal 
ganglia  with  which  the  visceral  ganglia  are  also  fused.  The  central 
ganglionic  mass  lies  therefore  below  the  pharynx.  The  arrangement 
in  the  Gymnosomata  is  more  primitive;  the  cerebral  ganglia  are 
placed  superiorly,  and  visceral  ganglia  are  evidently  present.  The 
pedal  ganglia  always  innervate  the  fins  formed  from  the  foot.  In 
the  Gymnosomata  the  cerebral  ganglia  give  off  considerable  nerves 
to  the  tentacles,  at  the  base  of  which  they  form  ganglia.  The 
ganglia  of  either  side  are  connected  with  one  another  by  commis- 
sures (Clio). 

The  three  ganglionic  masses  already  pointed  out  in  the  MoUusca 
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are  also  found  in  tho  Cephalopoda  ;  but  Xhey  are  more  closelr 
approximated  in  cooseqnenco  of  the  shortening  of  their  com- 
missures. They  form  a  ring  around  the  ajsophagus.  In  the 
Dibranchiata  this  ring  is  enclosed  by  the  cephalic  cartilage  in 
Buch  a  way  that  the  peripheral  nerves  pass  out  throngh  foramina 
in  it» 

In  Nautilus,  tho  upper  part  of  the  oesophageal  ring  is  formed 
by  a  transversely  disposed  nervous  mass  (Fig,  186,  aa)\  the  nerves 

of  tlie  higher  sensory  organs  are  given  off 
at  the  sides.  It  corresponds  to  the  cerebral 
gangliai  but  these  also  extend  some  distance 
ventrally  {hh),  and  give  off,  in  that  region, 
neiTes  which  pass  to  the  tentacles  (tt  ). 
The  ventral  segment  only  of  this  ring  is 
homologous  with  the  pedal  ganglion,  as  it 
gives  off  tho  nerves  for  the  funnel,  A 
second  ventral  mass  (ec)  is  attached  to  the 
lower  nervous  mass,  which,  as  we  have 
already  said,  is  partly  formed  from 
the  cerebral  ganglia ;  this  corresponds  to 
the  visceral  ganglia,  and  gives  ofiF  nerves 
for  the  mantle  {m),  in  addition  to  two  small 
trunks  which  accompany  the  vena  cava,  and 
pass  to  the  gills  and  vascular  system.  Each 
of  these  two  nerves  forms  a  ganglion  (i/), 
which,  again,  soppliea  the  generative  appa- 
ratus. 

In  the  Dibranchiata  the  nervous  system 
is  much  more  concentrated.  The  cerebral 
ganglionic  masses  are  placed  much  more 
to  the  sides  and  ventral  surface,  so  that 
they  nnite  in  the  middle  Iiqo  in  front  of 
the  part  which  corresponds  to  the  pedal 
ganglia.  Tho  visceral  are  completely  fused 
with  the  pedal  ganglia,  and  the  only  rem- 
nant of  the  primitive  independence  of  these 
ganglia  is  a  narrow  poijit  through  which 
the  pedal  artery  passes ;  the  separate  character  of  these  ganglia 
is  much  more  distinct  in  the  Tetrabranchiata.  That  portion  of 
the  cerebral  ganglionic  masses  which  stiil  remains  above  the  oeso- 
phagus is  differentiated  into  several  portions.  The  part  which 
has  reached  the  ventral  surface  gives  off  the  nerves  for  the  arms, 
and  these  unite  to  form  a  ganglion  at  their  base.  The  paUial 
nerves  are  given  off  from  the  visceral  masses^  and  each  of  these 
nerves  forms  a  large  ganglion  (ganglion  stelktura). 

Compared  with  the  rest  of  the  Mollusca,  the  Cephalopoda  have 
much  more  highly  differentiated  central  organs  from  a  histological 
point  of  view  ;  this  is  due  to  their  greater  size.  In  all  parts  of  the 
nerve-centres  it  is  possible  to  distinguish  an  outer  gray  layer,  formed 


Fijit*  ^S6.  Ken'oiis  sty  stem 
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of  ganglionic  cells,  from  the  inner  white  medullary  substance,  which 
is  formed  principally  of  fibres. 

Cheron,  "Rech.  p.   servir  h,  Thistoire   du  syst^me  nerveux   des   O^phalopodes 

dibranchiaax.     Ann.  bo.  nat.     V.  Ser.    T.  Y. 
OwsJANNiKOW  und  KowALEVSKY,  Uebor  dag  CentralnervensyBtem  und  das  Qeh6r- 

organ  der  Cephalopoden.    Mem.  Acad,  de  St.  P^tersbonrg.  VII.  S6r.  T.  XI. 


Visceral  Nerves. 
§  270. 

Owing  to  the  relations  between  the  visceral  nervous  system  and 
the  central  nerve-organs,  we  were  obliged  to  consider  parts  of  this 
visceral  system  while  dealing  with  the  central  one ;  and  we  had  to  do 
with  an  example  of  the  difiFerence  in  the  significance  of  the  central 
organ,  when  the  ganglia  which  belong  to  the  peripheral  parts 
become  a  part  of  it.  in  addition,  however,  to  this  hinder  part  of 
the  visceral  nervous  system  which  is  unit^  to  the  nerve-centres,  and 
which  is  principally  distributed  to  the  circulatory  and  excretory 
organs,  as  well  as  to  the  genitalia  and  gills,  there  is  another  portion 
which  innervates  the  digestive  canal. 

.  In  the  Lamellibranchiata  fine  filaments  arise  from  the  cerebral 
ganglion  and  surround  the  mouth  ;  these  are  the  earliest  signs  of  a 
portion  of  the  nervous  system,  which  is  still  more  differentiated  in 
the  Gastropoda.  The  development  of  compUcated  mouth-organs 
appears  to  be  correlated  with  the  development  of  this  system.  Two 
nerves  arise  from  the  cerebral  ganglion  and  pass  to  ganglia,  which 
are  placed  on  the  buccal  mass,  and  are  connected  together  by  a 
commissure.  These  buccal  ganglia  (Fig.  183,  B;  Fig.  184,  B) 
supply  the  organs  of  the  mouth,  and  give  off  nerves  to  the  gut.  The 
commissures  differ  a  good  deal  in  character.  As  a  rule  the  ganglia 
do  not  fuse.  The  same  arrangement  is  found  in  the  Pteropoda ;  and  in 
Nautilus,  among  the  Cephalopoda,  the  two  buccal  gangUa  are  con- 
nected at  their  side  with  pharyngeal  ganglia,  and  are  connected  by 
commissural  chords  with  the  cerebral  ones.  There  is  but  one  buccal 
ganglion  in  the  Dibranchiata,  and  behind  it  there  is  a  large  supra- 
pharyngeal  ganglion  (Sepia). 

The  nerves  given  off  from  the  buccal  ganglia  have  various  small 
ganglia  on  their  enteric  branches. 


Sensory  Organs. 

Tactile  and  Olfactory  Organs. 

§  271. 

The  sensory  organs  of  the  Mollusca  are  very  similar  to  those  of 
the  Vermes.     All  parts  of  the  body,  with  the  exception  of  the  hard 
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ones,  are  capable  of  feeling  wlieu  touched ;  the  anatomical  arrange- 
nieiits  for  tliis  sense  are  found  in  various  parts  of  tlie  body^  through 
w  hich  they  are  more  or  less  wddelj  distributed ;  they  have  the  form 
of  fine  set i form  prolongations  from  cells,  which  can  be  seen  to  bo 
connected  with  nerves.  These  structures  are  most  well  marked  on 
those  parts  nl  the  body  wiiich  function  especiftlly  as  tactUo  organs  ; 
they  are  generally  supplied  with  nerves  of  some  size,  and  form  the 
tentacles. 

Tliey  are  very  common  on  the  edge  of  the  mantle  in  the 
Lamellibranchiata,  where  they  are  either  found  all  over  it,  in 
wdiieh  case  they  are  arrauged  in  several  rows  (as  in  Mactra,  Lima, 
Pec  ten  J  etc.),  or  sometimes  they  are  confined  to  ceHain  regions; 
they  are  not  unfreqiiently  found  on  the  siphons,  and  in  cither  case 
they  serv^o  to  watch  over  the  particles  that  get  into  the  mantle- cavity 
with  the  w%ater.  They  are  highly  contractile,  and  are  supplied  with 
filaments  from  the  marginal  nerves  of  the  mantle. 

The  processes  found  on  the  epipodium,  and  on  the  edge  of  the 
mantle  in  many  Gastropoda,  aa  well  as  the  dorsal  cirri  of  the  Nudi- 
branchiata,  may  function  ns  orguns  of  tliis  kind. 

It  is  doubtful  whether  the  pair  of  lobes  at  the  sides  of  month  of 
tlie  Lamellibranchiata  are  organs  with  this  function,  but  on  theothei* 
hand  w*e  find  a  very  large  number  of  tactile  organs  of  this  kind  on 
the  cephalic  tentacles  wdn'ch  arc  so  commonly  present  in  the  Gastro- 
poda, The  tracts,  which  carry  the  nervoua  end- organs,  are  very 
often  specially  differentiated  in  these  animals. 

Although  there  is  not  much  difficulty  in  the  view  that  the  above- 
mentioned  organs  function  in  the  perception  of  tactile  impressions, 
it  is  almost  iuipossible  to  say  what  is  the  physiological  duty  of  a 
number  of  other  orgaoH,  which  are  clearly  sensory,  and  ore  cotmected 
with  the  integument.  These  enlargements  are  generally  formed  by 
ciliated  regions  to  svhich  a  nerve  passes,  and  at  w^hich  it  often  forms 
enlargements.  It  is  doubtful  what  part  of  the  surrounding  mediuru 
acts  on  these  organs,  and  w^e  have  to  make  a  somewhat  far-fetched 
analogy  to  be  able  to  regard  them  as  olfactory  organs. 

In  the  Gastropoda  they  are  found  near  the  respiratory  organs, 
and  in  the  Heteropoda  1  found  them  very  widely  distributed  in  this 
region.  The  same  I  found  to  be  the  case  in  the  Pteropoda,  In  the 
Gymnosomatous  forms  of  this  division  a  ciliated  organ  of  this  kind 
is  placed  superficially,  and  close  to  the  gills ;  in  Fneumodermon  it  is 
wheel-shaped.  In  the  slielled  forms  it  is  a  transverse  ridge,  which 
is  p*laced  in  that  region  of  the  mantle-cavity  by  which  the  water 
passes  to  the  branchiae. 

In  the  Opisthobrancbiata  the  hinder  pair  of  tentacles  (rbinophor) 
appear  to  have  the  function  of  an  olfactory  organ  ;  in  conelation 
with  this  function  they  vary  greatly  in  character,  and  the  surface  of 
these  tentacles  may  be  seen  to  be  increased  by  the  formation  of 
ridges  and  various  other  arrangements.  They  seem  to  be  in  all  cases 
ciliated.  If  we  reflect  on  the  fact  that  respiration  is  largely  carried 
on  by  organs  which  arise  from  the  back  of  the  animal,  we  shall  see 
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that  the  tentacles^  when  fuuctioniog  as  olfactory  organs,  have  just 
the  same  relations  as  the  rospiratorj  ones ;  and  with  this  we  may 
correlate  the  great  distance  backwards  at  which  the  tentacles  are 
sometimes  found. 

In  the  Cephalopoda  the  olfactory  organs  are  more  definite  in 
character*  Behind  the  eyes  we  find  two  small  pits,  or  papillaa,  which 
are  leyel  with  the  snrface  ;  these  are  ciliated.  The  processes  of  the 
more  deeply-placed  olfactory  cells  stand  up  between  the  ciliated 
ones ;  they  are  supplied  by  a  nerve  which  arises  close  to  the  optic 
nerve. 


Visual   Organs. 
§  272. 

Visual  organs  are  found  in  all  Mollnsca  that  are  endowed  with 
the  power  of  active  movement.  On  the  other  hand  they  are  always 
atrophied  in  the  fixed  forms,  although  they  are  present  during  the 
larval  stages.  This  is  also  the  case  in  the  Placophora,  where  the 
larvfe  indicate  by  the  possession  of  a  pair  of  pigment  spots  that  they 
are  provided  with  eyeSj  which  are  atrophied  later  on. 

Structures  of  this  kind  are  found  on  the  nerve-centrCjand  in  the 
head  of  the  Lamellibranchiata  during  the  larval  stages;  they  are 
even  provided  with  a  refractive  body^  but  they  undergo  degeneration 
later  on.     The  same  thing  happens  in  the  Scaphopoda. 

It  is  diiferent  with  the  organs,  which  are  ordinarily  found  on 
the  edge  of  the  mantle,  in  the  higher  divisions  of  many  Lamellibran- 
chiata, They  are  carried  on  special  optic-stalks  (Arcaj  Pcctunculus, 
Tellina,  Pinna,  etc.) ;  in  many  cases  (Pecten,  Spondylns)  they  were 
even  observed  by  the  older  investigators,  owing  to  the  emerald* 
green  colour  of  the  tapetnra,  which  is  found  at  the  base  of  the  ©ye. 
Although  these  organs  have  many  peculiarities  of  structure,  they 
agree  in  aU  essential  points  with  the  optic  organs  of  the  rest  of  the 
Mollusca*  They  arc  supplied  with  nerves  by  the  small  trunks  which 
pass  along  tho  edge  of  the  mantle.  These  organs  vary  greatly  in 
the  extent  to  which  they  are  developed,  and  are  sometimes  replaced 
by  mere  pigment  spots.  This  arrangement  must  be  regarded  from 
that  point  of  view,  on  which  wo  have  already  insisted,  when  we 
pointed  out  that  sensory  organs  might  be  differentiated  from  simple 
nerve-endings  at  any  point  of  the  integument ;  these  eyes,  therefore, 
on  the  edge  of  the  mantle,  can  only  be  compared  with  tho  optic 
organs  which  are  found  on  the  head,  from  a  physiological  point  of 
view  1  morphologicnlly,  they  are  special  structures,  and  are,  like  the 
similar  organs  found  in  Vermes,  due  to  adaptation. 

We  never  find  more  than  one  pair  of  cephalic  eyes  in  the  Gas- 
tropoda. They  are  often  replaced  by  mere  spots,  placed  on  the 
supra-CBSophageal  ganglion,  and  disappear  altogether  when  the 
animal  loses  ita  power  of  free  movement  (Vermetus).     When  it  ia 
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simplest  the  eyo  lies  beneath  the  integument  (as  in  many  Opistho- 
branchiata).  In  others  it  is  embedded  in  the  dermo-moscular 
tube,  and  retains  its  superficial  position,  while  al  the  same  time 
an  elongation  of  the  optic  nerve  is  developed.  This  sub-intega- 
mentary  position  must  be  regarded  as  a  secondary  one,  for  in  the 
AloUusca,  just  as  in  the  Vermes,  the  integument  takes  part  in  the 
formation  of  the  eye.  The  eye-bearing  region  of  the  body  is 
ordinarily  found  to  be  the  base  of  the  tentacle  (Prosobranchiata), 
wliich  may  be  convert<3d  into  a  special  eye-stalk  (ommatophor). 
Or  the  eyo  may  rest  on  a  process  formed  from  the  tentacle 
(Strombus,  Ptorocera),  or  this  process  may  become  separated 
from  the  tentacle,  and  become  independent.  Owing  to  the  pos- 
session of  this  optic-stalk  the  eye  is  capable  of  movement;  in 
the  Heteropoda  this  is  effected  by  the  muscles  that  are  attached  to 
the  wide  capsule  which  encloses  the  bulb  of  the  eye  (Pig.  187,  o). 
Thanks  to  these  muscles  the  bulb  is  enabled  to  vary  its  position ;  in 

form,  the  bulb  is  generally 
^  ^         rounded   or  oval;    in   the 

Heteropoda  it  is  very  pecu- 
liar (Fig.  187). 

The  bulb  has  a  thin  outer 
covering,  which  passes  an- 
teriorly into  the  cornea 
(pellucida),  which  is  formed 
from  the  integument.  In 
the  posterior  portion  the 
optic  nerve  widens  out,  and 
is  generally  provided  with 
a  ganglionic  enlargement 
(r).  Internally  to  it  we  find 
the"  retina,  with  the  end 
organs  of  the  optic  nerve  ; 
these  constitute  a  layer  of  rods  which  are  turned  towards  the  cavity 
of  the  eve,  and  are  separated  by  a  layer  of  pigment  from  the 
external  layer  of  the  retina.  Behind  the  cornea  there  is  a  lens,  which 
either  fills  up  the  cavity  of  the  eye,  or  has  a  gelatinous  substance 
posteriorly  to  it,  which  represents  a  vitreous  body. 

The  sensory  layer  is  formed  from  the  ectoderm,  and  the  lens  also 
is  an  integumentary  structure,  inasmuch  as  it  is  developed  from  a 
cell,  which  gradually  secretes  the  substance  of  the  lens  in  stratified 
layers. 

§  273. 

The  eye  of  the  Cephalopoda  resembles,  in  many  points,  the  optic 
organ  of  the  Gastropoda.  We  know  that  it  is  gradually  differen- 
tiated from  the  ectoderm.  In  Nautilus,  each  bulb  is  carried  on  a  kind 
of  optic  stalk,  and  forms  a  lateral  projection  (vide  supra.  Pig.  1 75,  o) ; 
this  is  indicated  in  some  of  the  Dibranchiata,  but  in  them  the  bulb 
may  be  supported  by  processes  of  the  cephalic  cartilage,  and  lie  in 


Fi^.  187.  Upper  part  of  the  nervous  system, 
with  the  RoiiBoiy  organs  of  Fterotrachca. 
fjA  CJcrebral  ganglia  (Cerebrnm) .  c  Commisnnres. 
o  Optic  capsule.  I  Lens,  rh  Pigment  layer, 
r  Ganglionic  enlargement  of  the  optic  rerre. 
a  Auditory  organ. 
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a  kind  of  orbital  cavity.  In  Nautilus  the  optic  capsule  is  continuous 
with  the  stalk ;  in  the  Dibranchiata  it  is  placed  in  the  cartilaginous 
orbits,  where  it  encloses  the  ganglionic  enlargement  of  the  optic 
nerve  (Fig.  188,  go),  which  is  represented  in  Nautilus  by  a  layer 
which  -extends  over  a  larger  portion  of  the  bulb.  Anteriorly,  the 
optic  capsule  forms  a  thin  investment  (0),  which  is  known  as  the 
cornea ;  and  the  refractive  media  of  the  bulb  are  placed  behind  it. 
This  cornea  is  absent  from  the  eye  of  Nautilus,  as  is  the  lens.  In 
fi'ont  of  this  cornea  the  optic  capsule  is  therefore  directly  continuous 
with  a  mem- 
brane which  is  ^^  (^ 
connected  with  — 
the  integument 
of  the  optic 
stalk,  and  which 
has  a  pupil-like 
orifice  which 
leads  into  the 
interior  of  the 
bulb. 

In  the  Di- 
branchiata  this 
direct  communi- 
cation between 
the  internal 

cavity  of  the 
bulb  and  the 
surrounding  me- 
dium is  broken 
by  a  lens  (L); 
as,  however,  in 
manyf  orms  (Loli 
gopsis,  Histio- 
theutis,  etc.),  the 
transparent  por- 
tion of  the  optic 
capsule  is  alto- 
gether absent  or 

is  perforated  (Sepia,  Loligo,  Octopus),  the  anterior  surface  of  the 
bulb  enclosed  in  the  capsule  is  bathed  by  water.  This  space,  which 
communicates  with  the  exterior,  is  not  only  continued  through  the 
optic  cleft  as  far  as  the  lens,  but  also  extends  more  or  less  around 
the  bulb. 

In  many  the  integument  is  thrown  into  folds  around  the  cornea ; 
these  folds  form  "eye-lids,^'  and  are  either  limited  in  position  or 
extend  around  a  larger  portion  of  the  bulb,  when  they  form  a  defensive 
organ  for  the  eye  by  the  possession  of  occlusor  muscles. 

Tlie  base  of  the  bulb  is  formed  by  a  cartilaginous  capsule 
(Fig.  188,  A:);   around  the  pupil  this  becomes  converted  into  the 

1  h.% 


Fig.  188.  Horizontal  Bootion  of  the  eye  of  Sepia  (Diagrani. 
xnatio).  KK  Cephalic  cartilages.  C  Cornea.  L  \  Lens. 
ci  Ciliary  body  of  the  lenB.  Ei  Internal  layer  of  the  retina. 
Ue  External  layer.  P  Layer  of  pigment,  o  Optic  nerve. 
go  Ganglion,  k  Pupillary  cartilage,  ik  Cartilage  of  the  iris. 
w  White  body,    ae  Argentea  externa  (after  Hensen). 
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cartilage  of  tbe  iris  (Ik),  Outsklo  and  behind  this  optic  capsule  is  the 
ganglion  of  the  optic  norvCj  iti  the  periphery  of  which  there  is  a 
whitish  organ  (w)  which  projects  more  or  less  forwards.  Behind 
this  there  is  a  longitudinal  layer  of  iniiscleSj  and  lastly,  a  silv^ery 
merabnuie  (argentea  externa)  {ae),  which  reaches  as  far  as  the 
edge  of  the  pupil^  and  invests  the  bulb  on  its  inner  face,  ori 
the  one  turned  towards  the  above-mentioned  cavity,  Intemallyl 
to  it  there  is  the  argentea  interna.  The  bundles  of  nerve 
which  arise  from  the  ganglion  (fjo)  behind  the  cartilaginous  cap-'' 
sulCj  pass  to  the  retina  by  a  largo  number  of  pores  in  it; 
the  retina  lies  %vithin  tho  cartilaginous  capsule,  and  is  con- 
tinued forwards  as  far  as  the  edge  of  an  organ  which  carries  the 
lens.  This  retina  is  formed  of  essentially  the  same  hiyei-s  as  the 
same  portion  of  tbe  eye  of  tho  Gtistropoda;  an  internal  (El)  portion, 
which  contains  tho  perccptivo  apparatus,  is  separated  from  tho 
external  part  (i?^')  by  a  layer  of  pigment  (P).  A  liiyev  of  connec- 
tive tissue  extends  inwardn  to  the  lens  (L)  from  the  layer  of  muscular 
fibres;  this  completely  separates  tho  eye  into  two  parts,  an  anterior 
smaller  and  a  posterior  larger  one ;  tbe^se  unite  to  form  an  oval 
body,  tho  long  axis  of  which  corresponds  to  the  optic  axis.  There 
are  epithelial  thickenings  on  the  anterior,  as  well  as  on  the  posterior, 
surface  of  this  layer  of  connective  tissue;  tbcy  unite  to  form  a 
system  of  lamelloe,  which  invests  the  edge  of  the  lens,  and  is  known 
as  the  **  ciliary  body  ^^  (a)  {corpus  epithcliale).  The  cavity  behind 
the  lens  is  filled  up  by  a  fluid. 


HxNSKN,  Zeitschr.  f.  wiea.  ZooL     BcL  XV. 
[^LankrstrR}  E.  Hay,  Develt.  of  Cephalopoda. 
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It  IS  possible,  apparently,  to  derive  the  organs,  which  seem  to  be 
auditory  in  the  Mollusca,  from  the  vesicles  or  otocysts  which  we  met 
with  in  the  Vermes,  They  contain  otoliths,  and 
their  inner  wall  is  provided  with  nervous  end-organs, 
which  are  fonned  by  modified  epitheliol  cells.  These 
cells  are  derived  from  the  ectoderm,  for  the  otocyst 
itself  is  formed  fi'ora  that  layer ;  this  has  been  ob- 
Bcrved  in  the  Gastropoda.  What  we  know  of  tho 
development  of  the  ear  in  the  Cephalopoda  agrees 
with  this  statement. 

The  auditory  nerve  is  generally  given  off  from 
the  cerebral  ganglion.  In  its  most  primitive  form 
the  auditory  vesicle  is  attached  to  this  ganglion,  and 
it  is  only  when  it  is  separated  from  it  that  we  are 
able  to  make  out  a  true  auditory  nerve.  The  otocyst, 
however,  varies  greatly  in  position ;  thus,  it  may  be  attached  to  the 
peihil  ganglion;  but  even  then  the  auditory  nerve  can  always  he 
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followed  lip  to  the  cerebral  ganglion  ;  it  sometimes  passes  along  the 
cerebro-pedal  comuiissure*  Tliis  change  in  position  is  sometimes 
associated  with  a  change  in  the  position  of  the  cerebnil  ganglia 
themselves. 

In  the  LamelHbraiichiata  and  Scaphopoda  the  aoditorjr  vesicles 
arc  att-ached  to  the  jiedal  ganglion;  tliej  are  either  close  to,  or  afc 
some  distance  from  it  (Naiades),  or  are  even  placed  more  deeply  in 
the  substance  of  the  foot  (Cytheni).  In  the  Gastropoda  the 
otocysts  vary  greatly  in  position  ;  l:>ut  the  primitive  position— that 
is,  close  to  the  cerebral  ganglia — ^is  the  most  common  one  ;  in  the 
Heteropoda,  and  many  Opisthobranchiata,  they  are  always  placed 
close  to  these  ganglia. 

The  otoliths  are  either  unraerous,  and  consist  of  small  crystalline 
structures,  which  form  an  otoconia^  or  there  is  but  a  single  spherical 
otolith,  wliich  is  derived  from  one  cell  of  the  rudimentary  wall  of 
the  auditory  vesicle,  and  whicli  forms  a  concentrically'Striated  con- 
cretion. Dentalium,  the  lower  forms  of  the  Lamellibranchiata,  and 
Gastropoda,  and  also  all  the  Pteropoda,  possess  otoconia.  In  the 
larval  stages,  however,  of  these  Mollusca,  the  otoconia  first  appear, 
and  then,  later  on,  the  spherical  otolith ;  this  apparently  disappears 
afterwards.  But  when  the  adult  foinn  is  provided  with  an  otolith, 
an  otolith  is  found  in  the  larva,  and  is  never  preceded  by  the 
otoconia. 

Wo  have  not  as  yet  any  connected  statements  about  the  stroc- 
tnre  of  the  end-organs  in  tho  otocyst.  The  most  important  fact 
that  wo  do  know  is  that  part  of  the  ciliated  epithelium  is  repre- 
sented by  cells  with  fine  rod-like  processes,  which  appear  to  bo 
true  auditory  iihres.  They  form  the  auditory  organ,  and  arc  con- 
nected with  the  nerves^  wliile  the  ciliated  cells,  which  are  grouped 
in  tufts,  form  an  accommodating  arrangement  which  acts  on  the 
otoliths. 

We  have  a  permanent  proof  that  tho  otocyst  is  developed 
from  the  ectoderm  in  the  Cephahipoda  in  the  presence  of  a  fine  canal, 
which,  in  many  of  them,  leads  from  the  auditory  vesicles  to  the 
sni-faco  of  the  body.  In  Nautilus  the  otocysts  lie  on  the  cephalic 
cartilage;  in  tho  Dibranchiata  they  are  enclosed  by  it.  It  is 
possible,  therefore,  to  distinguish  a  membranous  and  a  cartilaginous 
labyrinth,  analogous  to  the  similar  parts  found  in  the  case  of  tho 
Vertebrata. 

In  the  Octopoda  the  auditory  vesicles  are  simple  in  form ;  in  tho 
Decapoda  they  are  complicated  by  tho  formation  of  diverticula  and 
processes.  At  the  same  time  they  are  more  closely  connected  with 
the  cartilage,  whereas,  in  the  Octopoda,  they  lie  somewhat  freely  in 
their  cavity.  The  otolith,  which  is  placed  in  a  watery  fluid,  varies 
in  form — it  may  be  flattened  or  rounded,  or  may  be  broken  up  into 
smaller  acicular  pieces.  The  terminations  of  the  auditory  nerves 
either  form  the  *^  auditory  plate/^  which  is  a  thickened  portion  of 
the  epithelium,  from  which  the  cells  send  hair-like  processes  {audi- 
tory hairs)  (Sepia) i  or  an  "anditory  crest,"  which  generally  takes 
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a   curved   direction,    and   which  is  likewise  covered  by  modified 
epitheUum. 

Lacaze.Duthiebs,  Otooystes  des  HoUiisqaes.  Aroh.  de  Zoologie.  I.  p.  97. — 
Banks,  J.,  Das  Geharorgan  etc.  boi  Pterotrachea.  Zeitsohr.  f.  wise.  Zool. 
XXY.  Snppl. — ^V.  Jhebixg,  Die  Gehorwerkzougo  der  Mollosken.  Erlangen, 
1876. — SiMEOTH,  Uebcr  die  Sinnesorgane  nnserer  einheim.  Weiohthiero. 
Zeitschr.  f .  w.  Zool.    Bd.  XXVI. 


Alimentary  Canal. 

§  275. 

Owing  to  the  complete  separation  of  the  wall  of  the  body  from 
that  of  the  enteric  canal  in  the  Mollusca,  the  latter  canal  comes  to 
be  embedded  in  a  coelom.  It  forms  coils  or  loops  in  this  cavity,  as 
it  is  always  longer  than  it ;  at  the  same  time  the  characters  of  its 
anal  opening  are  well  worthy  of  note.  We  find,  indeed,  that  it  is 
only  in  the  Placophora  and  Lamellibranchiata  that  it  traverses  the 
body  in  such  a  way  that  the  aboral  and  anal  ends  of  the  body  are  the 
same.  In  the  Scaphopoda,  Grastropoda,  Pteropoda,  and  Cephalo- 
poda it  always  ends  at  some  distance  from  the  aboral  end  of  the 
iDody;  it  is  looped  or  coiled.  If  we  suppose  that  the  gut  was 
primitively  arranged  in  a  symmetrical  manner,  and  that  the  anus 
was  placed  in  the  aboral  region,  and  that,  therefore,  this  change  in 
the  position  of  the  anus  was  acquired  afterwards,  then  we  must  also 
suppose  that  this  arrangement  obtained  at  a  very  far-distant  period, 
inasmuch  as  there  are  no  signs  of  it  in  the  development  of  the  indi- 
vidual. The  real  cause  of  this  change 
in  position  must  be  sought  for  in  the 
universal  possession  of  a  shell.  The 
development  of  the  dorsal  mantle  and  its 
shell,  together  with  that  asymmetrical  mode 
of  development  of  both  of  these  structures 
which  obtains  in  most  MoUusca,  makes  it 
easy  to  see  how  they  affected  the  organism. 
We  must  distinguish  two  modes  of  develop- 
ment. In  the  first,  the  dorsal  development 
of  a  part  of  the  body  which  was  protected 
by  the  shell,  increased  the  space  available 
for  the  growing  gut,  which  fonned  more 
or  less  complicated  loops  or  coils.  At  first, 
of  course,  this  only  enabled  it  to  depart 
from  its  straight  course.  In  the  second,  the 
development  of  a  mantle-cavity,  the  appear- 
ance of  which  was  correlated  with  that  of  the  mantle  and  shell| 
affected  the  position  of  the  gut.  When  the  mantle-cavity  is 
developed  in  the  hinder  region  of  the  body,  as  it  is  in  the  Thecoso- 
matous  Pteropoda  and  the  Cephalopoda  ^g.  190),  the  position  of 


Fig.  190.  Diagram  of  the 
relations  of  the  enteric 
canal.  A  In  Pteropoda. 
B  In  Cephalopoda. 
j^Foot.  t  Arms  or  Tentacles. 
hr  BranchisD. 
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the  anus  is,  relatively  speaking,  least  altered.  It  may  still  lie 
more  or  less  in  the  middle  line.  When  the  branchial  cavity  is  more 
anterior  in  position,  and  asymmetrical — ^as  it  is  in  most  of  the  shelled 
Gastropoda — ^the  anus  approaches  it,  inasmuch  as  its  function  is 
here  least  interfered  with. 

The  enteric  tube  is  divided  into  separate  portions  in  just  the 
same  way  as  in  Vermes, 

Although  embryological  inquiries  have  not  yet  arrived  at  any 
very  definite  results,  this  much  seems  certain:  the  mid-gut  is 
derived  from  the  endoderm,  and  the  fore-gut  from  the  ectoderm. 
The  hind-gut  is  laid  down  with  the  mid-gut,  and  has  therefore  the 
same  history  as  it  has. 

§  276. 

As  to  the  characters  of  the  various  divisions,  we  find  that  in  the 
Placophora  the  digestive  tube  is  coiled  several  times;  but  the  anus 
still  retains  its  aboral  position,  inasmuch  as  the  above-mentioned 
causes,  which  lead  to  a  change  in  position,  do  not  obtain  in  this  group. 

The  Lamellibranchiata  likewise  retain  the  most  primitive  relation 
of  parts.  The  mouth,  which  is  placed  in  the  Dimyaria  between 
the  foot  and  the  anterior  adductor,  is  continued  into  a  short 
portion  which  functions  as  the  oesophagus;  this  passes  into  a 
widened  portion,  or  stomach.  The  efferent  ducts  of  the  liver 
open  into  this  gastric  mid-gut.  In  many  Lamellibranchiata  this 
stomach  is  remarkable  for  the  possession  of  a  csBcal  diverticulum, 
which  is  often  of  some  size,  and  can  be  shut  ofE  by  a  valve; 
this  is  placed  in  the  pyloric  region.  In  many  forms  we  meet 
with  a  peculiar  structure  in  the  casca,  or,  when  they  are  absent, 
in  the  enteric  canal  itself;  this,  which  is  known  as  the  *' crystal- 
line style,''  is  to  be  regarded  as  a  secretion  from  the  enteric 
epithelium.  The  hind-gut,  which  forms  by  far  the  largest  portion 
of  the  whole  tract,  makes  one  or  more  coils,  and  then  passes  towards 
the  back  of  the  animal ;  as  a  rule  it  is  of  the  same  calibre  through- 
out, but  it  is  sometimes  differentiated  into  narrower  and  wider  tracts. 
It  is  closely  surrounded  by  the  other  organs  (liver,  generative 
glands)  of  the  visceral  sac ;  its  terminal  portion  passes  underneath 
the  middle-line  of  the  shell  as  far  as  the  hinder  margin  of  the  body ; 
in  a  large  number  of  Lamellibranchiata  it  traverses,  as  it  does  so,  the 
pericardium  and  heart  (Fig.  176,  i),  and  then  ends,  behind  the 
posterior  adductor,  at  the  anus ;  this  is  placed  on  a  process  at  the 
aboral  end  of  the  body,  which  projects  freely  into  the  mantle-cavity 
(Fig.  181,  r).  Here  again  the  position  of  the  anus  is  correlated  with 
the  characters  of  the  shell,  which  is  in  the  form  of  two  lateral  valves. 

§  277. 

In  all  Mollusca,  except  the  Lamellibranchiata,  part  of  the  fore- 
gut  is  differentiated  into  the  so-called  pharynx  or  buccal  mass; 
this  is  generally  a  large  organ,  the  structure  of  which  is  well  adapted 
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Fig.  191.    A  row  of  deDticles  from  tlio 

mdula  of  L  i 1 1  ori  n  a  1  i  1 1  o  r  e  a.  a  Mfdiati. 

bed  Lateral  denticles  (ttftcr  Gray), 


to  its  function ;  tliis  function  is  to  seize  and  coinminuto  tlie  foc»d 
o£  tlio  animal.  Tlio  apparatus,  which  forms  the  chief  portion  of  thl-s 
arrangement,  in  a  coticukr  meiubrano  which  rises  up  from  the  lower 
wall ;  on  it  there  are  small  teeth  or  hooks,  which  are  directed  back- 
wards and  arranged  in  transverse  rows*  The  teeth  vary  very  greatly 
in  arrangement  (Fig.  Wl,  a  h  r  J),  form,  and  number;  they  aro  not 

only  different  in  the  larger  di- 
visions, but  also  in  the  ordei^ 
and  families,  and  even  in  the 
Kpecies,  so  that  the  genetic  affi- 
nities of  the  groups  is  iudicitted 
by  the  form  of  these  parts  ;  and 
for  this  reason  they  have  be 
much  used  in  classification, 
a  rule  they  consist  of  a  median' 
longitudinal  row  {'t),  with  which 
symmetrically  -  arranged  lateral 
denticles  are  connected.  ThQi 
organ  formed  by  the  whole  of  these  hooklcts  is  known  as  the  raduls 
In  man}^  (Turbo,  Patella)  it  projects  some  way  into  the  ccclora,  and 
is  enclosed  by  the  aac-like  sheath  formed  by  a  diverticolum  of  the 
wall  of  the  a^sophagus ;  it  may  even  be  longer  than  tlio  body  itself. 
This  organ  may  become  very  broad,  and  reach  to  the  sides  of  the 
pharynx.  In  the  Heteropoda  it  is  so  far  more  highly  developed 
that  the  outermost  uncini  of  the  transverse  rows  may  not  only  be 
very  long,  but  also  be  articulated  in  such  a  manner  as  to  be  movable. 
When,  therefore,  the  radula  is  protruded,  these  teeth  are  erected, 
and  when  it  is  drawn  buck  tbcy  come  together  like  pincers,  and  so 
act  as  seizing  organs. 

There  are  special  muscles  for  moving  the  radula  which,  with  the 
cartilage  on  the  wall  of  the  pharynx  (p.  361),  help  to  increase  the  sizo 
of  this  organ  (Fig.  200,  IJ).  The  size  of  the  radula  is  therefore  closely 
correlated  with  that  of  the  buccal  mass.  This  organ  is  found  in  all 
divisions  of  the  Mollusca  excepting  the  Lam ellibranchiata, although  in 
some  (Thecosomatous  Pteropoda)  it  is  feebly  developed.  In  rare  cases 
the  radula  and  pharynx  arc  altogether  absent  (Tethys),  The  radula  ia 
relatively  small  in  the  Cephalopoda  (Fig.  192,  Cr),  where  the  onil 
opening  is  marked  by  the  presence  of  strong  jaws.  These  are  twu 
strong  pieces  (Fig.  192,  C)  which  resemble  the  beak  of  a  parrot,  and 
are  provided  with  sharp  edges  ;  the  lower  one  {m')  projects  in  frunt 
of  the  upper  one  (wi).  The  soft  edges  of  the  lips  cover  the  base 
only  of  these  jaws  (Fig,  179,  m  vQ. 

In  the  Gastropoda  also  tlie  wall  of  the  month  has  a  firm  invest- 
ment, which  forms  a  kind  of  jaw.  In  tlic  Nephropneusta  there  is 
a  single  semi-hniar  piece  which  is  beset  by  toothed  ridges  at  its 
free  edge.  In  many  oE  the  BrtiuchiopneuFita  lateral  pieces  are  added 
on  to  this  unpaircd  one,  which  woi'k  horizontally  on  one  another* 
These  paired  jaws  jire  also  preacut  in  the  Prosobrauchiatti,  but  arc 
best  developed  in  the  Opisthobranchiata. 
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Tho  moutli  of  the  Grastropoda  is  surrounded  by  tbo  lips,  which 
meet  in  front  of  the  entrance  into  the  pharynx.  These  lips  arc  folds 
of  tho  integUTnont,  which  can  bo  retracted  or  protruded  with  the 
pharynx*  In  some  of  tho  Prosobranchiata  this  arrangement  is 
carried  so  far  that  the 

foldjwhich,  as  wehave  jj  ^ 

seen,  ordinarily  forms 
tho  lipSj  gives  rise  to 
a  more  or  less  elon- 
gated sheathj  in  which 
a  proboscis,  within 
which  again  is  the 
pharynx  J  lies  freely. 
When  thia  proboscis 
is  protruded,  the  inner 
wall  of  the  shentli, 
which  encloses  it,  is 
gradually  everted  (Do- 
linm,  Cassis,  Cqqus, 
Voluta,  Buccinum, 
Harpa,  Murex,  etc.). 
It  is  clear  then  that 
this,  tho  most  anterior 
portion  of  the  intesti- 
nal tract,  may  be  very 
highly  specialised. 


§  278- 


Fig,  192,  A  Pharynx  of  a  Gastropod  (PI  euro - 
branchiia);  vorttual  lougitndiDal  section.  B  Tranu- 
vorao  section  of  tho  wimc,  taken  along^  the  verrical 
line  drawn  vo.  A.  m  QCsophagus,  I  Lips,  r  RT&dula. 
h  Cartilage*  V.  Phnrynx  of  a  Cophalofiod  (Loligo)  ; 
ver(ical  loBgitudinal  section.  i  Arms.  ira  Upper, 
m'  Lower  jaw -piece.  £?  Totigne.  r  Radula.  oe  CEsopbagua. 


Behind  tho  pha- 
rynx in  the  Gastro- 
poda the  fore  -  gut 
iorms  the  ocsophagas, 
and  part  of  it  widens  unfc  into  a  stomach ;  this  is  succeeded  by  the 
luid-g-nt,  which  often  trarenses  the  visceral  sac  in  the  form  of  a 
single  loop ;  it  passes  on  to  the  hind-gutj  from  which  it  m  indistinctly 
separated. 

The  canal  id  modilied  in  character  by  the  enlargement  of  variouii 
parts  of  \h^  cesophagas;  in  this  way  a  special  portion  is  fonned 
which  functions  as  a  crop.  This  is  either  spindle-shaped^  as  it  is  in 
many  of  the  Prosobranchiata  {it  is  very  long  in  the  Heteropoda),  or 
it  furms  a  on i lateral  di^erticiilnm,  which  may  develop  into  a  ciecal 
appendage  (Lyranaeus,  Planorbis,  Bnccinum).  Parts  of  the  fore-gufc 
may  also  widen  out  into  stomachal  eDlargementSj  which  arc  separated 
oil  from  tho  neighbouring  tracts  by  constrictions.  These  form 
divisions^  set  one  behind  the  other. 

This  separation  distinctly  corresponds  to  a  division  of  function  \ 
this  is  also  shown  by  tho  varying  characters  of  the  cuticular  struc- 
tures of  the  different  portions.   For  example,  in  Aplyaia,  one  portion 
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is  beset  with  pyramidal  pieces  of  cartilaginous  consistency,  and 
another  is  provided  with  firm  horny  hooks.  Similar  kinds  of  hooks 
are  found  in  the  simple  stomach  of  Tritonia ;  in  Scyltea  there  is  a 
broad  girdle  of  sharply-pointed  plates  in  the  same  region,  while 
in  the  stomach  of  those  Pteropoda  in  which  the  month-parts  are 
rudimentary,  there  are  strong  radulse.  The  presence  of  these  org^ans 
shows  that  these  portions  of  the  gut  merely  function  in  preparing 
the  food  for  digestion. 

The  widened  mid-gut  is  no  less  modified,  both  in  form  and  in 
the  differentiation  of  its  various  parts.  In  many  it  is  &intly  dis- 
tinguishable. In  others  it  forms  a  stomachal  caecum,  so  that  the 
cardiac  and  pyloric  ends  get  to  lie  close  together ;  this  is  the  more 
common  form.  The  stomach  may  be  broken  up  into  several 
divisions.  For  example,  the  cardiac  and  pyloric  portions  are  often 
separated  by  a  longitudinal  fold,  which  projects  into  the  stomach 
(Littorina). 

Of  the  peculiarities  of  the  rest  of  the  enteric  tube,  the  freaaent 
enlargement  of  the  hind-gut  must  be  mentioned.  In  many  iNndi- 
branchs  the  whole  gut  undergoes  more  mai'ked  modifications 
(iEolidia)) ;  in  proportion  as  the  liver  takes  on  its  functions  it 
becomes  more  or  less  degenerated,  the  increased  size  of  the  liver 
compensating  for  the  great  abbreviation  of  the  gut  (vide  infra, 
p.  305). 

In  many  of  the  Gastropoda  there  are  glands  connected  with  the 
anus ;  these  are  sometimes  of  some  size  (Murex,  Purpura) ;  but  it  is 
not  yet  known  what  their  significance  is. 

The  anus  is  lateral  or  dorsal  in  position  according  to  the  size  of 
the  shell  and  the  development  of  the  mantle-cavity.  When  the 
shell  is  absent,  and  a  mantle-cavity  also,  the  anus  may  be  on  the 
dorsal  surface,  and  even  in  the  middle  line  of  that  sunace,  as  it  is 
in  some  of  the  Nudibranchiata  (Doris)  (Fig.  200,  a).  In  others  it 
retains  the  lateral  position  which  it  acquired  owing  to  the  earlier 
possession  of  a  shell  (-ZEolidia). 


§  279. 

In  the  Cephalopoda  the  pharynx  (Fig.  109, 2^/0  is  continued  into 
a  naiTow  oesophagus,  which,  after  passing  through  the  cephalic 
cartilage,  is  either  continued,  without  any  change  of  diameter,  into 
the  stomach  (Loliginidoe),  or  it  is  provided  somewhere  along  its  tract 
with  a  crop-like  enlargement,  which  is  often  of  considerable  size 
(Nautilus,  Octopoda).  A  stomach  (Fig.  193,  v)  is  formed  by  an 
oval  or  rounded  enlargement,  which  is  sometimes  (Kautilus,  Octopus) 
provided  with  strong  muscular  walls.  On  each  side  of  the  stomach 
there  is  a  layer  of  muscles,  which  are  arranged  in  a  radial  manner^ 
and  in  the  centre  of  which  there  is  a  tendinous  plate;  this  is 
especially  noticeable  in  the  Nautilus. 

Tlie  pylorus,  which  is  placed  close  to  the  cardia,  leads  into  the 
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inkl-tf utj  which  is  provided  with  a  caecum ;  this 
inner  Wiill  tlirowu  into  lougitiidiaal  folds  for 
the  first  part  of  its  length ,  It  generally  takes 
a  straight  course  (it  19  slightly  coiled  in 
Nautilus  aud  the  Ocbopoda  only)  forwards, 
to  a  short  hind- gut  (Figp  193^  i)j  which  opens 
to  the  exterior  at  the  base  of  the  funnel.  In 
many  Qephalopoda  there  are  two  or  three 
valvea  or  valvular  processes  around  the  auus, 
the  muscles  in  which  are  remarkably  woM 
developed. 

The  caeca  (Fig.  193,  c)  at  the  commen ce- 
ment of  the  mid-gut  vary  not  only  in  external 
form,  but  also  iu  the  cliaracters  of  their  in- 
ternal surface.  The  caecum  is  either  rounded 
{Nautilus,  Rossiaj  Loligopsis)  or  elongated; 
in  the  latter  case  it  is  often  spirally  coiled 
(Sepia,  Octopus).  When  the  ctecum  is  very 
long,  it  is  often  coiled  seveml  times  {e  e). 
The  inner  surface  is  cither  thrown  into  pro- 
cesses, which  arc  arranged  in  a  lamellar 
fashion  (Nautilus),  or  these  proceases  may 
form  circular  folds  arranged  in  conformation 
with  the  spiral  form  of  the  ca3cum.  Two  of 
the  largest  folds  receive  the  efferent  ducts  of 
the  liver,  and  project  so  far  into  the  lumen  of 
the  enter  on  as  to  form  at  times  a  valve -like 
apparatus  which  shuts  off  the  caecum.  It  is 
probable  that  this  caecum  has  a  secretory 
function,  as  iu  those  forms  (Loligo  vulgaris) 
in  which  the  folds  are  absent  a  large  number 
found  in  its  walls. 


portiiju  also  has  its 


Fig«193.  Digcstivoappa- 
ratuB  of  Loligo  Bagit- 
t&ta.  oe  CEaophagnn. 
V  Tko  stomach,  opened 
longittidmallf,  x  A 
ptobe  pasBed  throagh 
pyloniB,  t  Commenco- 
metit  of  the  cflpcimu 
e  0  Its  spiral  iwrtioo. 
»  Hind-gut.  a  Ink-bag. 
h  Its  openiog  into  the 
rociutn  (ait or  Home). 

of  glands  are  to  be 


Organs  appended  to  the  Enteric  Canal 


1)  Appendages  of  the  fore-gut* 

§  280. 

Of  those  glandular  organs  which  are  connected  with  the  enteric 
canal,  the  saUvary  are  found  only  ia  those  forms  in  which  the 
pharynx  is  developed;  it  is  possible  therefore  to  make  out  a  certain 
connection  between  these  structures.  In  the  Gastropoda  they  are 
always  placed  on  each  side  of  the  fore-gat^  and  open  into  the 
pharynx*  Sometimes  they  form  short  caecal  tubes  (Pteropoda), 
which  are  sometimes  hidden  in  the  very  substance  of  the  pharynx 


I 
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(many  Opistliobrancliiata).  When  they  are  more  highly  developed 
their  duct  is  elongated,  so  that  the  secreting  portion  comes  to  lie 
some  way  further  back ;  sometimes  it  is  placed  on  the  oesophagus^ 
and  at  others  on  the  stomach  itself.  In  this  case  the  gluids  are 
rounded,  elongated,  and  generally  flattened  tubes  (Prosobranchiata, 
many  Pulmonata),  which  may  be  broken  up  into  several  smaller 
parts,  or  have  the  form  of  ramified  organs ;  the  glands  found  on 
tlie  stomach  of  Pleurobranchus  are  examples  of  this  latter  kind.  We 
not  unfrequently  meet  with  two  pairs,  the  efferent  ducts  of  which 
are  cither  separate  all  along  their  course,  or  the  ducts  of  the  hinder 
pair  unite  with  one  another.  Even  when  there  is  but  a  single  pair 
of  glands  they  may  be  often  observed  to  fuse  into  one  mass,  the 
double  nature  of  which  is  shown  by  the  presence  of  two  efferent 
ducts.  The  salivary  glands  of  many  Prosobranchiata  are  difFeren- 
tiated  functionally  (Dolium,  Cassis,  Cassidaria,  Tritonium),  for  part 
of  the  gland  secretes  fi'ce  sulphuric  acid.  The  glands  of  some  Opis- 
thobranchiata  (Pleurobranchus,  Doris)  are  differentiated  in  the  same 
way. 

Among  the  Cephalopoda,  Nautilus  is  provided  with  a  paired 
glandular  mass,  which  is  placed  inside  the  pharynx.  These  glands 
are  also  present  in  many  Dibranchiata  (Octopus,  Eledone),  as 
arc  others,  which  are  short  and  lie  just  behind  the  pharynx ;  these 
have  an  efferent  duct  which  penetrates  the  wall  of  the  pharynx,  and 
unites  with  its  fellow  of  the  opposite  side  immediately  in  the 
orifice  of  the  duct  (Fig.  199,  gin  s).  In  addition,  there  are  glands 
behind  these  which  lie  at  the  sides  of  the  oesophagus,  and  behind  the 
j)oint  at  which  it  penetrates  the  cophalic  cartilage.  They  are  either 
8imi)lc  or  lobate ;  as  a  rule  their  efferent  ducts  unite  into  a  single 
one,  internally  to  the  cephalic  cartilage,  and  this  duct  opens  into  the 
pharyngeal  cavity  in  front  of  the  lingual  ridge  (Fig.  199,  gls  r). 

Panckri,  p.,  Gli  organ!  c  la  socrctionc  delV  acido  solforico  nei  Gasteropodi.  Atti 
dclla  H.  Accad.  dollo  Sc.  lisicho.    Napoli.    Vol.  HI. 


2)  Appendages  of  the  Mid-gut. 
§  281. 

Appended  organs  are  very  generally  found  on  the  mid-gut  of  the 
Mollusca ;  they  represent  the  "  liver,*'  and  are  differentiations  of  the 
wall  of  the  enteron,  from  which  they  are  developed,  under  the  form 
of  diverticula,  the  primary  origin  of  which  is  the  sacculation  of  the 
endoderm. 

In  the  Lammellibranchiata  the  liver  is  a  gland  which  sur- 
rounds the  stomach  and  a  large  portion  of  the  rest  of  the  enteron. 
It  forms  numerous  acini,  which  are  connected  together  into  largo 
lobes,  and  open  at  various  points  either  into  the  stomach,  or  into  the 
succeeding  division  of  the  enteron. 
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In  the  Placophora  it  forma  a  pair  of  symmetrically  disposed 
branched  tubes. 

In  the  Gastropoda  this  gland  is  no  less  well  developed.  In  the 
sliellcd  forms  it  occupies  the  Lirgost  portion  of  the  visceral  sac 
witbin  the  shell;  it  is  always  made  up  of  a  number  of  hirge  lobei^^ 
and  enibracca  more  or  less  of  the  entoron.  The  bile-ducts  from  the 
lobes  either  open  separately  or  together  into  the  first  portion  of  the 
mid-gutj  and  somotimas  also  into  tlie  stomach-like  enlargement. 
The  number,  as  well  as  the  relative  size  of  the  separate  portions  of 
tho  liverj  varies  greatly.  As  a  rnlo^  however^  when  the  liver  increases 
in  size  it  becomes  less  complex,  while  the  smaller  the  lobes  the  more 
numerous  they  are. 

This  mode  of  arrangement  along  a  largo  portion  of  the  enteric 
canal  leads  to  certain  changes  in  this 
portion  of  the  enteron  in  one  division  of 
the  Opisthobranchiata.  The  ducts  of  the 
several  lobes  of  the  liver  widen  out,  and 
so  form  diverticula  of  the  stomach ;  wheUj 
thercforoj  there  are  a  large  number  of 
hepatic  tubes  opening  into  tlio  stonisich, 
its  inner  surface  has  a  reticular  appear- 
ance (Duris,  Doridopsis).  Owing  to  this 
changej  which  is  easily  explicable  by  a 
reference  to  the  origin  of  the  liver,  the 
ghindnlar  portion  of  this  organ  becomes 
apparently  a  mere  covering  for  these 
irregular  diverticula. 

This  is  indeed  the  origin  of  that 
arrangement  of  tho  digestive  system  in 
tho  -^oMdito  and  others^  to  which  we 
have  already  called  attention  (§  278), 
The  liver  has  tho  form  of  wide  ciEcal 
appendages,  which  arise  from  the  mid- 
gut (Fig.  lOi,  m),  or  so-called  stomach. 
They  are  either  directly  connected,  when 
the  appendages  open  at  once  into  the 
mid-gut,  or  indirectly,  when  they  stiU 
form  wide  diverticula  of  it  (Fig.  1 94)  ; 
and  these,  too,  may  be  due  to  certain 
changes  in  a  part  of  the  liver.  These  appendages  traverse  the 
ccclom  and  send  bbnd  processes  into  the  dorsal  ciiTi,  when  such 
are  present.  These  processes  are  more  or  less  branched,  according 
to  the  number  present,  and  they  may,  fm'ther,  anastomose  with  one 
another.  The  sizCj  just  as  much  as  the  number  and  general  form 
of  the  enteric  appendages,  may  vary.  Sometimes  they  are  mere 
diverticula  of  tho  enteron,  and  may  communicate  with  it  by  wide 
openings,  and  even  be  large  enough  to  take  in  masses  of  food ;  or, 
again,  they  may  form  narrow  canals  which  do  not  take  any  direct 
share  in  the  reception  of  the  food.     There  are  intermediate  stages 


Fi^.  19  i,  E  cite  do  caual  of 
iEolidiEt  papillosa»  phVhti- 
rynx.  m  Mid-gut^  with  iln  he- 
]>£itic  appDndiLf^es,  (A)  all  of 
whicii  are  not  Qgured.  e  Hind- 
gut .  ti A  Antii  (after  AJ do r  and 
Hanooclc). 
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between  these  extreme  forms.  The  fact  that  these  enteric  cseca 
always  have  a  glandalar  investment  is  of  importance  as  bearing 
on  their  real  character.  These  branches,  therefore,  are  not  merely 
physiological  equivalents  of  a  liver,  but  are  to  be  regarded  as  modi- 
fications of  a  true  liver,  which  have  come  to  take  a  share  in  increasing 
the  enteric  canal,  owing  to  the  enlargement  of  the  lumen  of  their 
canals.  The  same  organ,  which  in  other  Gastropoda  has  the  appear- 
ance of  a  liver,  becomes  a  part  of  the  digestive  tract  in  the  ^Solidite, 
and  retains  its  primitive  significance  in  its  walls  only,  or,  it  may  be, 
in  parts  only  of  these  walls.  The  share  taken  by  the  cavities  derived 
from  the  cnteron  in  tho  functions  of  this  tmct  explains  how  it  is 
that  the  mesial  enteric  tube  is  so  short.  In  other  divisions  also  of 
the  Opisthobranchiata  the  liver  has  the  form  of  wide  tubes — as  in 
Phyllirlioe,  Limapontia,  etc.  In  all  these  structures  the  liver  appears 
to  bo  degenerated,  and  there  is  no  early  stage  of  differentiation;  this 
is  because  the  iEolidia)  are  derived  from  shelled  Gastropoda. 

In  the  Pteropoda  the  liver  is  broken  up  into  a  Iarg6  number  of 
small  cajcal  tubes.  In  Pneumodermon  these  tubes  are  collected 
together  into  branched  groups,  and  the  wide  orifices  of  their  ducts 
are  scattered  on  the  wall  of  the  stomach,  and  give  it  an  almost 
sieve-like  appearance.  In  the  rest  of  the  Pteropoda  acini  of  simpler 
character  beset  a  portion  of  the  enteron ;  they  form  a  well-defined 
mass,  which  is  traversed  by  this  tube  (Fig.  201,  h). 

The  liver  of  the  Cephalopoda  is  always  a  large,  and,  frequently,  a 
compact  gland ;  in  Nautilus  it  consists  of  four  loosely  connected 
lobes,  each  of  which  gives  off  an  efferent  duct.  In  the  IHbranchiata, 
there  are  only  two  lobes,  and  these  are  either  distinctly  separated 
(Sepia),  or.  only  partly  connected  together  (Rossia).  In  Sepiola 
and  Argonauta  the  two  lobes  are  more  intimately  connected ;  in  the 
Loliginida)  and  Octopoda  they  form  a  single  mass,  which  is  traversed 
by  the  oesophagus.  In  no  case  does  the  liver  give  off  more  than 
two  efferent  ducts,  which  point  to  the  primitive  existence  of  two 
lobes,  and  which,  just  as  in  Nautilus,  always  open  into  the  end  of  the 
cacum. 

There  are  peculiar  glandular  lobules  on  the  hepatic  ducts  at  the 
openings  into  the  cajcum,  and  also  in  the  liver  itself ;  these  differ  in 
structure  from  the  acini  of  the  liver.  The  glands  at  either  of  these 
spots  have  been  regarded  as  pancreatic  glands,  but  it  must  be 
noted  that  they  have  no  close  affinity  to  the  organs  of  that  name 
found  in  the  Vertebrata.  In  the  Gastropoda  also  (Aplysia,  Doris) 
special  glands  have  been  observed  in  the  neighbourhood  of  the  liver. 


3)  Appendages  of  the  Hind-gut. 

§  282. 

Various  glandular  organs  belonging  to  this  division  are  found  in 
the  Gastropoda  only,  where  their  significance  has  not  been  made 
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out.  In  the  Cephalopodaj  the  DibrancMata  are  ordinarily  provided 
with  an  ink-bag,  which  Is  an  organ  of  this  kind;  in  many  (Loliginidte) 
this  opens  together  with  the  hind-gut,  and  may,  therefore,  repre- 
sent a  structure  which  has  been  developed  from  it,  although^  indeed, 
in  other  Cephalopoda,  it  opens  below  or  behind  the  samiH,  It  forms 
an  elongated  sac,  the  contractile  walk  of  which  form  iaternalty- 
projectin^  laraelho  (Fig.  193,  a),  and  which  secretes  tlio  well-known 
black  fluid. 


Coelom« 
§  283. 

A  coelom  appears  very  early  in  the  differentiation  of  the 
Molluscan  body.  The  complications  which  affect  the  ccelom,  owing 
to  the  coils  of  the  enteric  canal  which  are  embedded  in  it,  and  the 
appended  organs  which  are  developed  from  its  walls,  are  further 
increased  by  the  formation  of  other  organs,  and,  especially,  of  the 
generative  system ;  the  cavity  is  thereby  broken  up  into  a  nnmlicr 
of  segments  varying  in  size.  As  a  rule,  the  coelom  is  continued  into 
the  processes  of  the  body,  as,  for  example,  into  the  mantle-flaps  of 
the  Lamellibranch,  and  the  mantlo  of  the  Gastropoda.  Less  im- 
portant appendages  of  the  body  are  also  frequently  connected  with 
the  ccelom, 

As  a  rale,  the  vascular  system  is  freely  connected  with  the  coelom, 
which  therefore  forms  a  portion  of  the  haemal  system.  This 
arrangement  is  more  or  less  well  marked;  and  more  or  less  wide 
spaces  are  shut  off  from  the  coelom,  according  to  the  degree  to  which 
tbe  vascular  system  is  developed.  When  the  wider  spaces  of  the 
c«elom  are  connected  with  the  vascular  system,  these  portions  of  the 
luemal  system  form!acunn3 ;  when  these  spaces  are  broken  up,  either 
l)y  the  organs  which  are  embedded  in  them,  or  by  the  bands  of  tissue 
which  connect  together  the  walls  of  these  organs,  they  become  con- 
verted into  narrow,  and  often  into  vascular  canak,  which,  moreover, 
are  frequently  arranged  in  a  regular  manner.  In  the  LameUibran- 
cliiata  and  Gastropoda  there  are  all  kinds  of  stages  of  this  kind  j 
in  the  Cephalopoda  the  blood- vascular  system  is  very  complete,  and 
true  lacunar  spaces  are,  for  the  most  part,  confined  to  the  visceral 
sac.  By  means  of  the  excretory  organs  (§  280),  the  coelom,  as  in 
many  ¥ermes,  communicates  with  the  surrounding  medium. 
The  water  is  thereby  enabled  to  mix  with  the  blood.  In 
addition  to  the  communications  which  the  coelom  has  with  the 
exterior  by  means  of  the  excretory  organs,  it  is  able  to  communicate 
with  it  directly,  owing  to  the  presence  of  pores  in  the  foot  of 
the  Lamellibranchiata  and  Gastropoda;  the  fluid  is  able  to 
escape  from  the  coelom  throiigh  these  pores.  This  has  been  definitely 
made  out  both  in  the  Lamellibranchiata  (Mactra,  Cardium,  Solen) 
and  in  the  Gastropoda  (Pyrula).  This  fluid  is  of  especial  importance 
in  locomotion,  inasmuch  as  the  animal  is  enabled  to  swell  out  its 
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body  by  taking  in  tho  water.  By  its  aid^  retracted  parts  can  be 
protruded,  limp  parts  erected,  and  the  whole  musculatore  of  the 
body-wall,  and  especially  that  of  the  foot,  is  thus  made  very 
important.  The  power  of  protruding  certain  parts,  which  have 
been  withdrawn  into  the  shell,  and  especially  the  foot,  depends  on 
these  relations,  which  are  definitely  known  to  exist  in  the  case  of  the 
Lamellibranchiata  and  Gastropoda,  as  also  in  that  of  the  Pteropoda. 
As  yet  it  is  not  definitely  known  whether  water  is  taken  into  the 
haemal  system  in  the  Cephalopoda, 


Vascular  System. 
§  284. 

In  all  the  MoUusca,  excepting  the  Scaphopoda,  the  vascular 
system  is  an*anged  in  almost  exactly  the  same  way,  so  far  as  all 
essential  points  are  concerned.  These  are,  first,  the  presence  of  a 
dorsal  longitudinal  trunk,  a  portion  of  which  is  developed 
into  a  central  organ  (ventricle)  ;  secondly,  transverse 
vessels  are  connected  with  the  longitudinal  one,  which, 
when  lateral  gills  are  present,  carry  the  blood  from  them 
to  the  heart,  and  are  further  differentiated  into  organs 
of  circulation  by  becoming  auricles  for  the  ventricle. 
Tliis  dorsal  development  of  the  chief  portions  of  the  circulatory 
system  is  a  point  in  which  they  resemble  the  Vermes  (cf.  p.  168). 

The  symmetrical  arrangement  of  the  auricles  in  MoUusca  which 
are  in  other  points  markedly  divergent,  shows  us  that  this  is  a 
peculiarity  which  lies   at   the  very  bottom  of  their  organisation ; 
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Fig.  195.  Dinfnrnm  to  show  the  relatioDB  of  tho  Circnlatorj  Centres  in  the 
Mollasca.  A  Part  of  tlie  dorsal  vascular  trunk  and  transverse  trunks  of  a  Worm. 
li  Heart  and  am-icles  of  Nautilus,  0  of  a  Lamellibranch  or  of  Loligo,  D  of 
Octopus.  J-^  Heart  and  auricle  of  a  Gastropod,  v  Ventricle,  a  Auricle,  ac  Arteria 
cephaliea.    ai  Artcria  abdominalis.    The  arrows  show  tho  direction  of  the  onrrent 

of  blood. 

while  the  presence  of  two  pairs  of  auricles,  which  open  behind  one 
another  into  the  ventricle,  in  the  tetrabranchiate  Cephalopoda, 
points  toametameric  arrangement  of  the  vascular  system, 
just  as  much  as  does  the  presence  of  several  transverse  trunks  in  the 
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Annulate  Vermes.  These  vessels  still  retain  so  much  of  their 
primitive  character  that  they  are  not  called  auricles,  but  branchial 
veins. 

This  homology  of  the  two  pairs  of  auricles  with  two  transverse 
trunks  of  a  dorsal  vessel  (Fig.  195,  A  and  B)  points  to  a  primitive 
condition,  which,  while  it  is  characteristic  of  the  NautilidsB,  agrees 
also  with  the  palsBontological  relations  which  these  Cephalopoda 
have  to  the  rest  of  the  extant  members  of  their  group.  The  presence 
of  but  one  pair  of  auricles  appears,  on  the  other  hand,  to  be  a  degene- 
ration (Placophora,  Dibranchiate  Cephalopoda,  Lamellibranchiata, 
and  many  Grastropoda),  which  corresponds  to  the  reduction  of  the 
gills.  The  key,  therefore,  to  the  comprehension  of  the  mode  of 
formation  of  the  ventricle  and  auricles  in  the  Mollusca  is  to  com- 
pare them  with  more  indifferent  organs.  When  part  of  the  dorsal 
vessel  is  •onverted  into  the  ventricle,  the  parts  that  are  continued 
from  it  form  arterial  trunks,  and  these,  when  they  retain  their 
primitive  course,  are  distinguished  as  anterior  and  posterior  aortad 
(aorta  cephalica,  et  aorta  intestinalis  sive  abdominalis).  In  some 
of  the  Cephalopoda,  the  Octopoda  (D),  we  meet  with  an  important 
change  in  position,  for  the  trunk  of  the  dorsal  vessel  has  made  a 
loop-like  turn,  so  that  the  two  arterial  portions  (ac  and  at)  run  in 
the  same  direction  for  a  certain  distance.  The  points  at  which  they 
arise  from  the  ventricle  are  thereby  approximated.  The  circu- 
latory system  of  those  Grastropoda,  which  are  characterised  by  the 
fact  that  only  one  arterial  trunk  is  given  off  from  the  ventricle, 
may  be  derived  from  a  similar  relation  of  parts  (E),  This  single 
arterial  trunk  divides  into  two  branches,  which  are  distributed  in 
just  the  same  regions  as  are  the  two  arterial  trunks  (ac  and  at), 
which  are  given  off  from  either  end  of  the  ventricle  in  the  Cepha- 
lopoda and  Lamellibranchiata.  It  may,  therefore,  be  regarded  as 
developed  from  the  two  arterial  trunks,  which  were  primitively 
disposed  along  a  single  axis.  The  final  reduction  of  the  auricles 
to  one  is  due  to  a  reduction  in  the  number  of  the  gills,  and 
is  correlated  with  the  union  of  the  anterior  and  posterior  arterial 
trunks. 

The  auricles  and  ventricle  appear,  therefore,  to  have  been  derived 
from  different  portions  of  a  primitive  vascular  apparatus,  and  point 
to  a  metameric  arrangement ;  taken  in  conjunction  with  the  signs 
of  metamerism  exhibited  in  the  nervous  system  (p.  844),  they  lead 
us  to  suppose  that  the  ancestors  of  the  MoUuscan  phylum  were 
segmented  organisms. 

§  285. 

The  heart,  in  the  Placophora  and  Lamellibranchiata  (Fig.  196,  v), 
lies  in  the  middle  line  of  the  body,  just  below  the  back,  and  is  sur- 
rounded by  a  pericardium;  it  receives  blood  from  two  lateral 
auricles  (a)  while  the  above-mentioned  vascular  trunks  arise  from  it 
anteriorly  and  posteriorly.  In  the  Placophora  the  heart  is  placed  a 
good  way  back,  so  that  the  anterior  arterial  trunk  is  of  a  considerable 
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Fig.  196.  Vertical  wirctiun  through  au 
Anodontiik.  t^  Voatricle,  a  Anriclos. 
^  PericardiBl  cavity.  %  Hind-gut. 
tn  Mantle,     ht  W  Bmnchirc*,  /  Foot. 


lengtli.     In  most  of  tbe  LamelUbranchiata  tb©  tearb  is  flivided  into 
two  limbs,  which  embrace  tbe  hind-gut  (/),  and  wliich  give  off  the 

aorta  after  they  unite.  In  Area  this 
passage  of  the  biod-gtit  through  the 
heart  leads  to  the  formation  of  two 
ventricles,  which  are  represented 
by  two  completely  separate  cham- 
bei^j  each  of  which  is  provided  with 
an  auricle.  Each  ventriclo  gives  off 
an  aortaj  which  unites  with  its  fellow 
of  the  opposite  side  before  it  gives 
off  any  branches,  so  that  there  is  a 
single  aorta  all  the  same.  The  same 
holds  for  the  posterior  arterial  trunk. 
The  anterior  arterial  trunk  passes 
as  far  aa  the  region  of  the  mouth, 
where  it  gives  off  branches  and  opens 
into  wide  hajmal  spaces.  The  pos- 
terior arterial  trunk,  the  length  of 
which  is  dependent  on  the  develop- 
ment of  the  hinder  portions  of  the 
mantle,  which  represent  the  siphonSj 
also  passes  into  htemal  spaces  or 
lacunas. 

Spaces  of  this  kind,  which  are  essentially  marked  off  by  connec- 
tive tissue,  ramify  not  only  in  the  mantle,  but  also  between  the 
viscera.  They  may  be  distinguished  into  larger  or  smaller  recep- 
tacles for  blood,  according  to  their  width  j  while,  further,  they  take 
the  place  of  a  capillary  and  of  a  venous  system.  Larger  sinuses 
are  regularly  present  at  the  base  of  the  gills,  and  a  median 
azygos  one — which  collects  together  the  venous  spaces  in  the  foot 
— extends  between  the  two  adductor  nmscles.  All  of  these  hroraal 
spaces  are  connected  together,  and  form  in  different  parts  a  more  or 
less  wide  mesh-work.  The  two  lateral  spaces  also  comnumicate  with 
the  organs  of  Bojanus  (§  290). 

If  we  follow  out  the  course  which  is  taken  by  the  blood  sent  from 
the  arteries  to  the  periphery,  although,  indeed ^  many  points  about  it 
have  not  been  definitely  made  out,  we  find  that  some  of  it  goes  to 
the  mantle,  and  some  to  the  visceral  sac<  Thence  some  of  it  passes 
into  the  branchial  sinuses,  and  from  these  either  directly  into  the 
gills,  or  to  the  glands  of  Bojanus,  before  it  passes  to  the  respiratory 
organs*  The  latter  course  is  that  which  is  taken  by  most  of  the 
blood.  Since,  however,  the  hiemal  spaces  at  tlie  base  of  the  gills 
are  in  direct  communication  with  the  auricleg  of  the  henrt,  part— 
although  a  small  part^of  the  blood  is  able  to  return  to  the  heart 
without  going  to  the  gills.  The  blood  from  tlie  mantle  also  conies 
to  the  heart,  and  passes  at  once  into  the  auricles ;  but  this  cannot  be 
regarded  as  absolutely  venous  blood,  on  account  of  the  respiratory 
function  of  the  flaps  of  the  mantle.     Aa  all  the  blood  which  cornea 
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from  the  gills  is^  received  into  tto  auricles,  all  of  the  blood  fioally 
ret  urns  J  Lj  various  ways,  to  the  vontricle. 

The  character  of  the  circulatioa  ia  the  glaads  of  Bojanus  is 
worthy  of  remark.  These  excretory  organs  are  placed  in  the 
way  of  the  blood  which  ia  going  to  the  gills,  and  which,  there- 
fore, is  venous;  and  herein  wo  get  a  kind  of  primitive  portal 
circulation, 

§  286. 

In  the  Gastropoda,  the  heart,  which  is  hero  also  enclosed  in  a 
pericardium,  is  often  provided  with  two  lateral  auricles  (Haliotis, 
Fissurella,  Nerita).     Trochus  also  has  two  auricles,  hut  the  left  one 


Fig.  1S7.  Organ  i  Bat  ion  of  Paludina  TivipRra.  e  Head,  t  Tenlaclca.  p  Foot. 
op  Operculum,  n  E}  o.  «  Auditory  curgnu,  vi  Cerebml  giingliun.  n'  Pednt  gunglton. 
n"  Branchiiil  ganglion.  W"  Buccal  ganglion.  (Tfio  corniiiiflfture  from  tlio  cerebral 
gonglioT)  is  not  figured.)  ph  Phaiynx,  w  CEsophagus.  hr  Binmchitf.  r  Bi?nul  orgatiB. 
e  YenouB  sinus.  Sr  VenouB  bjduh  at  the  baeo  of  tbo  braochiK*.  /  BitLtii'bml  uitery. 
at  Auricle  of  the  heart,  v  VcDtriele.   np  Poaterior  artery  ^vieceral  artery),  aa  Anterior 

artery  (after  Ley  dig)* 

is  somewhat  reduced  ;  in  the  rest  of  the  Gastropoda,  as  also  in  the 
Pteropodaj  there  is  but  one  auricle  (Fig.  197,  at).  The  dorsal  position 
of  the  heart  is  modified  by  the  asymmetrical  development  of  the 
visceral  Fac ;  it  is  always  placed  close  to  the  respiratory  organs,  and 
the  thin- walled  auricle  is  always  directed  towards  them.  It  is 
placed  in  front  of  them  in  the  Prosobranchiata,  and  behind  them  in 
the  Opisthobrancliiata.  It  has  in  many  Gastropoda  the  same  rela- 
tion to  the  rectum  as  it  has  in  the  Lamellibranchiata  (IVrhoj 
Nerita,  Neritina);  in  some,  indeed,  the  ventricle  is  divided  (Haliotis, 
Fissurella,  Eraarginnla). 

An  aorta  arises  from  the  ventricle  and  gives  off  a  vif^ceral  artery 
which  passes  backwards  (ap),  while  the  trunk  is  continued  on  as  an 
aorta  cephalica  (a a).     This   latter  passes  directly  to  the  anterior 
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parts  of  the  body,  and  generally  gives  off  a  large  branch  to  the  foot  j 
this  sometimes  looks  as  if  it  were  a  continuation  of  the  chief  trunk. 
In  addition  to  this,  it  gives  off  on  its  course  branches  which  pass  to 
the  stomach,  salivary  glandsj  and  so  on ;  it  either  ends  simply,  or 
after  several  ramifications,  in  the  region  of  tbe  pharynx.  In  the 
Pteropoda  it  is  more  widely  distributed,  for  in  them  the  pedal  branch 
has  the  characters  of  a  continuation  of  the  chief  trunk,  and  in  the 
head  it  divides  into  two  large  terminal  branches  which  ramify  largely 
in  the  fins,  Tlie  visceral  artery,  which  corresponds  to  the  posterior 
artery  of  the  Lamellibranohiataj  is  but  slightly  broken  up  in  the 
Pteropoda  and  lower  Crastropoda,  Like  the  cephalic  artery,  it  loses 
itself  in  larger  haemal  spaces.  In  most  of  the  Prosobranchiata  it  is 
greatly  developed,  and  umcli  broken  up  (ap)}  this  is  the  case  also  in 
many  of  the  Tectibraiichiata  (Pleurobranchus),  but  in  others  it  is 
replaced  by  several  smaller  arteries  (Aplysia).  The  visceral  arteries 
of  the  Nudibrancliiata  are  branches  of  the  principal  trunk  (Doris). 

The  afforoDt  vessels  differ  according  to  the  number,  form,  and 
disposition  of  the  respiratory  organs.  In  many  of  the  Nudibran- 
chiata  the  blood  is  collected  fi*om  the  body -cavity  uear  the  auricle. 
In  others,  which  have  distinct  respiratory  organs,  there  are  definite 
canals,  or  even  vessels  with  special  walls,  which  convey  the  blood 
from  the  venous  passages  to  the  respiratory 
organs.  When  these  are  most  simple  in  character, 
the  blood  passes  to  the  auricle  without  going 
through  branchial  veins.  This  is  the  case,  too, 
in  many  of  the  Pteropoda,  When  the  gills  are 
more  highly  developed  the  returning  blood  is 
collected  into  special  venous  trunks,  w^hich  open, 
either  separately  or  together,  into  the  auricle. 
These  branchial  veins  are  always  so  arranged  as 
to  be  adapted  to  the  size  as  well  as  to  the  posi- 
tion of  the  branchiae .  In  many  of  the  Nudi- 
branchiata  {^Eolidia,  Scylltea,  Tritonia),  large 
vessels  pass  off  from  the  gills  and  unite  together 
to  form  larger  trunks,  which  give  rise  to  a  median 
or  two  lateral  branchial  venous  trunks,  connected 
with  the  auricle  of  the  heai*t.  When  the  bran- 
chiie  are  scattered  over  a  larger  portion  of  the 
surface  of  the  body,  this  afferent  system  of  bran- 
chial vessels  is  well  developed,  but  when  they  are 
limited  in  extent  it  is  reduced  in  size  (Doris, 
Polycera),  Tritonia  is  an  example  of  the  former 
arraugement  (Fig.  198),  for  in  it  two  lateral  bran- 
chial venous  trunks  (ss)  pass  by  means  of  a  trans- 
verse trunk  to  the  heart.  The  transverse  canal 
forms  a  kind  of  double  auricle  (a),  although  indeed  it  has  only  one 
opening  into  the  ventricle  (r). 

The  paths  by  which  the  blood  goes  to  the  branchiro  are  always 
more  or  less  lacunar.     In  many  of  the  Opisthobranchiata  the  blood 


Part  of 
the  oirctilaiorj'  or* 
guLB  of  Tritonia. 
a  Venons  moDiies 
laid  open.  The  vrali 
ifl  perforftted  by 
the  o|>ciiiDga  of 
the  branchial  TGing. 
t?  Veati-ide, 
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from  the  ccelom  m  collected  into  canals^  wliich  run  in  the  iutegii- 
inent;  and  thence  it  is  distributed  to  the  gills.  All  the  blond,  how- 
ever, does  not  pass  to  them,  for  some  is  returned  to  the  heart  after 
having  passed  through  the  integument. 

In  Helix  and  Limax  the  haDmal  spaces,  which  pass  into  the  wall 
of  their  branchial  cavitjj  and  which  fonu  a  system  of  canals  which 
carries  blood  to  the  res- 
piratory organ  B,  are  de- 
veloped in  a  vascular 
manner.  They  break 
up  into  a  rich  network 
in  the  integument,  and 
this  network  gives  off  a 
number  of  large  trunks 
with  distinct  walls, 
wliich  unite  to  form  a 
"  pulmonary  vein  ;  *' 
and  this  vein  passes 
into  the  auricle.  The 
network  of  pulmonary 
vessels  may  be  regarded 
as  a  large  blood  sinus, 
which  extends  into  the 
walls  of  the  lungs,  and 
which  is  broken  through 
at  Tarious  points  by 
islets  of  firm  substance. 

§  287. 

The  heart  of  the 
Cephalopoda  is  placed 
at  the  base  of  the  vis- 
ceral sac,  and  is  formed 
of  a  rounded  or  trans- 
versely -  oval  ventricle 
{Fig.  1 95,  J?  C;  Fig  J  09, 
*.'),  which  receives  blood 
from  as  many  bran- 
chial veins  as  there  are 
branchiae*  That  is  to 
say,  in  Nautilus  there  are  four,  and  in  the  rest  of  the  Cephalopoda 
two  branchial  veins  opening  into  the  ventricle.  These  veins  are 
generally  considerably  widened  out  in  front  of  their  opening  into  the 
ventricle  (Fig,  199,  r  hr),  and  this  enlargement  is  liomologous  with 
llje  auricle  in  the  Guistropuda.  and  LameOiljranchiata.  Two  arterial 
trunks  always  arise  from  the  heart;  one,  the  larger,  passes  straight 
forwards;  this  is  the  arteria  cephalica  {Fig.  109,  £i)j  at  some  dis- 
tance from  it  a  smaller  trunk,  the  arteria  abdominalis  {a ')  is  given 


Fig.  199,  Anatomy  of  Octopos,  Manlle-caviiy  imd 
visceral  f?ac» opened  from  the  VGuttal  sarface.  ph  Pha- 
rynx* *jh  a  Superior  fcolivary  glauda.  gh  i  Inferior 
salivary  glands,  o  Eye*  i  FunuoL  hr  Braiidiisw. 
ov  Ovary,  od  Oviduet.  c  Heart,  v  Ir  Branchial  veins, 
a  Arteria  cephalica,  ve  Veoaej  cavse.  av  VcnouB 
appendages  (after  MilnG-Edwards.) 
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offj  and  tills  generally  passes  backwards.  This,  whicli  is  the  general 
mode  of  arrangement,  shows  distinctly  how  the  Cephalopoda  agree 
with  the  two  other  classes,  wliiie  it  points  to  their  havmg  a  close 
affinity  to  those  Mollusca  which  are  distinguished  by  the  possession 
of  two  auricles. 

The  cephalic  artery  first  of  all  gives  off  large  bmnches  to  the 
mantle,  and  some  to  the  intestinal  tract  and  to  the  fnonel;  when  it 
reaches  the  head  it  gives  off  the  optic  arteries  and  supplies  the  oral 
regions,  and  divides  into  larger  bmnches,  the  number  of  which 
depends  on  that  of  the  arms.  In  some  of  the  Cephalopoda  the 
brachial  arteries  spring  from  a  circnlar  vessel,  which  is  developed 
around  the  commencement  of  the  oesophagus.  The  abdominal  artery 
is  more  varied  in  character;  in  some  of  the  Sepiadie  {Fig  202,  a  ) 
and  Loliginida3,  it  arises  opposite  to  the  cephalic  artery,  and  has, 
therefore,  the  same  relations  as  the  visceral  artery  in  the  Lamelli- 
branchiata ;  but,  in  the  Octopoda,  it  arises  from  the  anterior  region 
of  the  heart,  cIcmq  to  the  aorta  {Fig.  199) ;  it  very  soon  breaks  up 
into  several  branches  for  the  enteric  tube  and  generative  organs.  In 
the  Loliginida>,  however,  it  gives  off  two  additional  branches  for  the 
fins;  in  Ommastrephes  a  special  enlargement  (whicli  is  perhaps  an 
accessory  organ  of  circulation)  may  be  observed  on  these  vessels. 

All  over  the  body  the  terminal  branches  of  the  arteries  communis 
cate  with  the  veins  by  means  of  a  well-developed  system  of  capil- 
laries»  In  the  greater  part  of  the  body,  at  any  rate,  this  system 
takes  the  place  of  the  lacunar  blood -passages  which  were  found  in 
the  other  Mollusca,  and  of  which  it  seems  to  be  a  differentiation. 

The  venous  roots  from  the  capillaries  are  collected  into  larger 
trunks,  which  have  sometimes  the  characters  of  true  veins,  and  are 
sometimes  widened  out  into  large  spaces,  so  that  they  are  inter- 
mediate between  true  vessels  and  mere  lacunar.  Of  the  more  special 
cluiraeters  of  the  venous  system  we  have  to  note  that  the  brachial 
veins  are  united  into  a  circular  sinnsj  placed  in  the  head;  this  is 
supplied  also  by  neighbouring  smaller  venous  trunks,  while  it 
gives  off  a  largo  haemal  canal  (vena  ccphalica,  or  great  vena  cava) 
(Fig.  202,  re),  which  passes  backwards  to  the  branchial  region.  At 
the  gills  it  breaks  up  into  two  (Dibranchiata)  or  four  (Tetrabran- 
ehiata)  venous  trunks ;  these  take  up  the  other  veins  which  come 
from  the  mantle  and  viscera  {vc  )  and  pass  to  the  base  of  the  gills. 
In  the  Dibranchiata  the  brsmehial  arteries  acquire  a  muscular  in- 
vestment iind  form  a  contractile  portion,  or  branchial  heart 
(Fig,  202,  vc  ),  which  pulsates  rapidly,  and  acts  as  an  accessory  organ 
of  the  circulation.  Special  appendages  are  attached  to  the  branchial 
artery  in  front  of  these  branchial  hearts ;  the&^e,  which  are  diverti- 
cula  of  the  walls  f(f  the  vessels,  are  bathed  by  the  venuus  blood, 
w^hich  passes  into  the  bra  neb  ire,  in  just  the  same  way  as  are  the  organs 
of  Bojanus  in  the  Lauiellibrauchiata  (vide  Excretory  Organs,  §  289). 

Although  the  venous  blood-receptacles  of  the  Cephalopoda  which 
wo  have  described  may  be  regarded  as  a  venous  system,  provided 
with  closed  walls,  true  blood  lacuna*  are  not  absent.  They  are  dis- 
tributed in  just  the  same  way  as  in  the  other  classes  of  the  Mollusca. 
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The  coelom  is  such  a  blood-space ;  all  the  organs  in  it  are  bathed  by 
venous  blood.  Various  veins  open  into  it,  and  it  is  also  connected 
by  two  canals  with  the  large  vena  cava  (vena  cephalica). 

Milne-Edwards  et  Valenciennes,  Kouy.  obs.  sur  la  oonstit.  de  TappareU  do  la 
circnlation  chez  les  Moll.  M^m.  Acad,  des  Sc.  T.  XX.  Milne-Sdwarbs, 
Voyage  en  Sicile.    T.  I. 

§  288. 

The  blood  fluid  of  the  MoUusca  is,  as  a  rule,  colourless,  and 
often  has  a  bluish  or  opalescent  appearance.  In  many  Cephalopoda, 
however,  it  is  violet  or  green,  and  in  some  Gkkstropoda  (Planorbis) 
the  blood  is  red — the  plasma  being  coloured. 

The  form-elements  of  the  blood  are  always  colourless,  and  have 
the  character  of  indifferent  cells,  which  give  off  all  kinds  of  pseudo- 
podia-like  processes  during  their  amoeboid  movements;  this  has 
been  observed  in  the  Lamellibranchiata  and  Gastropoda. 

A  rounded  organ  extends  alongside  the  branchial  arteries  of  the 
Cephalopoda ;  its  function  is  not  known,  but  it  may  perhaps  be  an 
organ  which  is  of  importance  in  the  development  of  the  form- 
elements  of  the  blood. 

[LiNKESTER,  E.  Rat,  Distribation  of  HsBmoglobin  in  the  Animal  Kingdom 
(red  corpuscles  of  Area  and  Solen).    Proc.  Boyal  Society,  1873.] 


Excretory  Organs. 
§  289. 

In  addition  to  the  various  organs  which  have  been  already  noted 
as  present  in  the  integument,  and  which  serve  as  excretory  organs, 
there  are  others  which  open  on  to  the  surface  of  the  body,  and 
which  are  much  more  important  from  this  point  of  view. 

In  the  Placophora  there  is  a  glandular  organ  which  is  placed 
close  to  the  anus ;  but  it  is  not  certain  that  it  is  comparable  to  the 
excretory  organ  of  the  Conchifera.  Its  internal  orifices  have  not 
been  observed.  For  the  present,  therefore,  we  must  regard  this 
organ  as  not  belonging  to  the  same  series  as  the  excretory  organs  of 
the  rest  of  the  MoUusca. 

These  typical  excretory  organs  of  the  MoUusca  are 
homologous  with  the  organs  found  throughout  the  Vermes, 
and  there  called  renal;  which  organs  form  the  looped 
canals  (nephridia)  of  the  Annulata.  In  the  MoUusca  also  they  com- 
mence by  an  external  orifice,  and  open  into  the  coelom  after  a  longer 
or  shorter  course.  The  internal  opening  is  distinguished  by  special 
arrangements;  most  commonly,  perhaps,  indeed,  generally,  by  an  in- 
vestment of  cilia,  whereby  they  call  to  mind  the  dliated  funnels  of  the 
looped  canals  of  Vermes.  Owing  to  the  presence  of  these  organs,  the 
internal  cavity  of  the  body  communicates  with  the  surrounding 
medium.  They  are  able,  therefore,  to  bring  water  into  the  body, 
while,  like  their  homologues  among  the  Vermes,  they  may  preside 
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over  other  functions  also,  Tliiis  thoy  may  have  relations  to  the 
generative  organs,  as  is  clearly  the  case  in  some  of  the  Lameliibrau- 
chiata.  There  is  good  reason  also  for  thinking  that  the  efferent 
ducts  for  the  generative  products  in  the  Cephalopoda  are  derived 
from  these  excretory  organs.  They  have  notj  therefore,  any  excluBivo 
relation  to  excretion.  When  they  are  excretory  in  f  anction,  the  walls 
of  the  canals,  which  are  otherwise  simple,  undergo  a  certain  amount 
of  metamorphosis,  and  may  then  he  seen  to  have  a  glandular 
structure.  In  these  cases  they  may  be  regarded  as  ''kidneys/' on 
account  of  the  chemical  constitution  of  their  pi^oducts.  In  this  case, 
if  examined  under  the  microscope,  they  are  seen  to  be  provided  with 
secreting  cells,  the  contents  of  which  are  formed  by  granular  or  con- 
centrically striated  concretions,  similar  to  those  which  are  of  such 
importance  in  the  renal  Becretions  of  other  groups  of  animals. 

Where  the  internal  orifice  has  been  observed,  it  has  been  seen  to 
lead  into  the  pericardial  sinus,  through  the  wall  of  which  the  duct 
passes.  If  it  bo  true  that  the  excretory  organ  is  derived  fi*om  a 
looped  canal,  it  is  highly  probable  that  the  wall  of  this  pericardial 
sinus  is  derived  from  a  dissepiment,  such  as  those  which  carry  the 
openings  of  the  looped  canals  in  the  Anuelides.  Many  facts,  however, 
are  waoting  to  confirm  this  supposition,  and  particularly  those  which 
would  explain  how  the  change  in  the  position  of  this  dissepiment 
has  been  brought  about* 

§  290. 

In  the  Lamelhbranchiata  tho  excretory  organ  is  known  as  the 
Organ  of  Bojanus;  it  is  always  paired,  although  sometimes  it  is 
fused  into  one  mass  along  the  middle  line ;  it  lies  on  the  dorsal  side 
of  the  body,  close  to  the  base  of  the  gills.  Its  substance  is  made  up 
of  a  yellowish  or  brownisli  coloured  spongy  tissue,  the  interspaces 
in  which  often  run  together^  and  generally  furm  a  large  central 
cavity.  From  this  cavity  a  pore,  on  either  side,  leads  into  tho  peri- 
cardium, while  another  leads  into  the  efferent  duet.  The  latter  either 
lies  close  to  the  genital  pore,  or  ia  confluent  with  it,  or,  lastly,  the 
generative  organs  open  into  the  organ  of  Bojauus,  so  that  tho 
generative  products  are  passed  out  to  the  exterior  through  it  (Pec ten, 
Lima,  Spoudylus),  Area  and  Pinna  have  the  efferent  ducts  united  j 
Cardiom^  Chama,  Mactra,  Pectunculus,  Anodonta,  Unio,  etc.^  have 
the  orifices  of  the  excretory  and  generative  organs  separate.  The 
walls,  which  rise  up  in  folds,  or  the  meshwork-hke  tissue  of  tho 
organ,  is  thickly  invested  with  secreting  cells>  which  secrete  the 
already-mentioned  concretions,  in  many  of  which  the  characteristic 
excretion — uric  acid — has,  of  course,  not  yet  been  observed.  As 
to  its  relations  to  the  vascular  system,  see  p.  370. 

The  Se^phopoda  resemble  the  Lamellibrauchiata  in  the  possession 
of  a  paired  excretory  organ. 

§  29L 

In  the  Gastropoda  the  excretory  organ  varies  still  more  in 
character.     A  paired  excretory  organ^ — the  predecessor  of  the  per* 


EXCEETOIiY  ORGANS  OF  MOLLUSOA. 


ST7 


manent  kidney — has  been  niiMle  out  in  the  Palmonata.  In  adult 
animals  the  organ  is^  as  a  rulej  unilateral.  This  double  rudiment 
poiot^  to  its  being  the  same  as  the  paired  organ  of  the  Lumelli- 
brancLiata.  The  recent  discovery  of  a  paired  excretory  organ  in 
Hahotis,  Fissurella,  and  Patella^  in  which  forms  the  left  organ  is 
more  or  less  rudimentaryj  seems  to  be  decisive  on  the  matter.  The 
degeneration  of  one  of  the  two  organs  appears  to  be  correlated  with 
the  degeneration  of  otlier  paired  organs,  as,  for  example,  the  gills. 
So  far  as  exact  observations  show,  it  opens  by  one  pore  into  the 
pericardial  sinnsj  and  by  the  other  to  the  exterior.  In  the  majority 
of  the  Gaatropodaj  uric  acid  has  been  detect^  in  the  organ.  This 
is  especially  true  of  the  Pulmonataj  in  which  the  kidnejj  which  ia 
placed  between  the  heart  and  pulmonaiy  veins^  can  bo  easily  recog- 
nised on  account  of  its  whitish  or  yellowish  colour.  It  is  lamellar  or 
spongy  in  structure,  and  the  lamella?,  or  bands  which  make  it  up,  are 
covered  by  large  secreting  cells,  in  which  firm  concretions  of  various 
forma  can  be  made  out.  The  long  ejfferent  duct,  which  commences 
some  way  back,  opens  into  the  pulmonary  C4ivity,  which  in  Helix 
appears  to  be  a  widened  terminal  portion  of  this  duct. 

In  the  Prosobranchiata  the  kidney  lies  between  the  gills  and  the 
heart ;  it  has  the  same  position  in  some  of  the  Opisthobrauchiata. 
As  a  rule  an  efferent  duct  passes  forwards  and  accompanies  the  hind- 
gutj  below  whichj  and  often  not  far  behind  the  anua,  we  find  its 
orifice. 

In  many  of  the  Opisthobrauchiata  it  appears  to  have  lost  its 
excretory  function  (as  in  Polycem),  or  the  excretion  is  fluid.  In  this 
case  the  kidney  {as  in  Phyllirhoo,  ActgeoUj  etc.)  has  the  form  of  a 
long  transparent  tube,  ivhich  extends  Bome  way  back  behind  the 
heart  along  the  middle  line  of  the  body,  and  is  placed  close  to  the 


Fig.  200.    Diog^ram  of  Doi  is,  to  bIiow  the  excretory  orgaD  /.'.     o  Month.    I  hips* 

B  Bucoal  DiasB.     m  tEsophagus.     i^  Stonioch.     %  Inteatioe.     a  Aaua*      ai  Auricle, 

V  Ventricle  (after  A.  Haticock). 

back.     It  opens  into  the  pericardial  sinus  by  a  ciliated  orificej  and 
by  a  contractile  one  on  to  the  surface  of  the  body. 

In  many  of  tho  Opisthobrauchiata  a  greatly- developed  cmcal-sac 
is  given  off  by  this  organ,  which  gives  off  secondary  diverticula 
{Fig,  200,  i?),  and  so  gradually  fonns  a  ramified  tube.  Structures  of 
this  kind,  which  res^emblo  a  ramified  gland,  have  been  observed  in 
Doris,  Dendronotus,  Scyllsea,  etc.     A  canal  {K)  is  continued  froiuthei 
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pericardial  orifice  (r")  into  the  interior  of  the  tube,  where  it  opens 
fr'),  so  that  it  oolj  communicates  with  the  exterior  in  a  round- 
about manner. 

In  the  Thecusomatons  Pteropodoj  and  also  in  the  Heteropoda,  the 

organ  which  is  regarded  as  the 
kidney,  because  of  the  similarity 
between  its  two  orifices  and 
those  of  tlio  Prosobranchiata,  is 
also  remarkable  for  its  spongy 
character.  In  Carinaria,  among 
the  Hoteropoda,  it  is  provided 
with  a  distinct  investment  of 
secreting  cells;  in  all  the  rest 
there  is  a  clear  cellular  layer 
instead.  The  framework  of 
the  kidney  is  stiff;  but  in 
Atlanta  and  the  Firohdsc  it  is 
contractile,  and  performs  en- 
ergetic and  spHsmodie  contrac- 
tions. In  the  Thee osomat oils 
Pteropoda  also,  the  kidney  can 
act  in  this  way,  e.g.  in  Chreseis 
(Fig.  201,  re). 

As  the  glandular  nature  of 
this  organ  is  doubtful  when  the 
secreting  cells  do  not  contain 
concretions,  greater  weight  may 
be  laid  on  its  relations  to  the  in* 
gestion  of  water,  which  has  been 
best  observed  in  these  cases* 
The  movements  of  the  organ 
are  not  limited  to  merely  open- 
ing and  closing  its  external 
orifice,  but  they  also  drive  the 
water  inwards  and  mix  it  with 
the  blood  which  is  returning  to 
the  respiratory  organs  from  the 
general  circulation  ;  this  organ  is 
always  placed  in  the  course  taken 
by  this  current.  Although  the 
ingestion  of  water  by  the  excre- 
tory organ  has  not  been  directly 
observed  except  in  these  divi- 
pions,  there  is  no  reason  for 
coDchuliug  that  it  does  not  also 
obtain  in  the  rest  of  the  aquaiic  Gastropoda.  It  is  in  the  Nephro- 
pneusta  only  that  the  parts  concenied  have  other  relations,  but  even  in 
them  the  kidney  has  the  *^ame  relations  to  the  system  of  blood-canals, 
for  thefiuidof  the  blood  may  be  observed  to  pass  out  by  the  renal  orifice. 


rig.  20 L  Orgiiiiieation  of  Chroeeis. 
jvp  Tbo  fing.  tt'  CE«ophagiiH.  v  St  o  much, 
f  Uitid-gnt.  h  Liver,  a  Auricle.  cYcd- 
triclc,  re  Kidney,  v  Ub  interunl  orifice. 
a^  External  orifice.  h  Ciliftted  or^an* 
ff  Hennaplir<x]Ue  glaiid.  fj''  HermBpliro- 
dite  ducL  /'  Peninl  poueh.  m  Poinffi  to 
iLe  poEition  of  the  retractor  mufickv 
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§  292, 

The  great  variations  io  the  moro  special  cliaracters  of  tlio  excre- 
tory organ,  which  are  seen  ia  the  Gastropoda,  prevent  our  being 
astonished  at  the  fact  that  this  same  organ  m  otherwise  modified  in 
the  Cephalopoda*  AH  the  Cephalopoda  possess  in  their  visceml  mass 
cloi^ed  sacs,  which  open  into  the  mantle-cavity.  As  the  efferent  ducts 
for  the  generative  products  resemble  the  excretory  canals  in  having 
thiit  part  of  them  wluch  suiTonnds  the  germ -glands  connccled 
with  the  ccelom,  it  is  pro- 
bable that  these  efferent 
ducts  have  been  derived 
from  primitive  excretory 
organs;  in  this  C4iso  the 
Cephalopoda  must  have 
had  a  larger  number  of 
thase  organs,  of  which 
some  alone  have  retained 
their  primitive  significauce. 
Four  of  these  organs  are 
found  in  Nautilus,  and  two 
in  the  Dibranchiata,  Their 
orifice  is  sometimes  placed 
on  a  papilliform  process 
(Fig.  178,  r).  The  largo 
branchial  vascular  trunks 
project  into  these  sacs,  and 
tlieir  walls,  therefore,  are 
irregular  in  form.  So  far, 
however,  as  these  vessels 
project  into  the  sacs,  their 
walls  must  be  regarded  as 
belonging  to  the  sac.  In 
connect  ion  with  the  bran- 
chial arteries  the  wall  of 
each  sac  presents  numerous 
ramified  appendages,  whicli  project  into  the  lumen  of  the  sacs  (cf. 
Fig.  1 78,  It ;  Fig*  202,  re) ;  they  are  formed  by  ctecal  diverticnla  of 
tlie  vessel,  and  a  superjacent  glandular  investment.  In  Nautilus  these 
appendages  of  the  four  venous  trunks  are  clothed  by  tubular  glands 
which  open  into  the  connected  sac.  It  is  still  doubtful  what  we 
should  regard  the  appendages  on  the  other  blood  vessels,  which 
l>roject  into  the  pericardial  sinus,  as  being.  As  this  sinus  communi- 
cates with  the  mantle-cavity,  perhaps  they  also  represent  excretory 
organs.  In  the  Dibrauchiata  the  venous  appendages  appear  to 
have  a  somewhat  different  structure.  Concretions  of  phosphate 
of  calcium  appear  to  be  the  principal  products  of  this  appa- 
i-atus  ;    in  the  Sepiadt©  this  organ  (Fig*  201)    is  yqtj   large,  and 


Pig.  202.  Circulatory  and  excretory  org&DS  of 
Sepia,  ht"  Branehite*  c  HearL  a  Anterior 
artery  of  tho  bgdy  (aorta),  a'  rosterior  artery. 
V  Enlargemetitfl  of  ilie  brancliial  veins,  rcprti 
seating  the  auricles  of  the  liearL  v*  BmucUial 
vein,  raoniog  alon^tftdei  the  b ranch ijv.  re  An- 
terior large  vena  cava,  fc'  Brauchial  arteries 
(bmaches  of  tho  vena  cava).  re*  Posterior 
vense  eavao.  re  Spongy  appendages  of  the 
braochea  of  the  vena?  cava\  i-  Their  diverticala. 
TIio  arrows  indicate  tlie  direction  of  the  blood- 
current  (after  J.  Hunter.) 
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extends  oven  on  to  the  smaller  roots  of  these  veins.  Owing  to  this 
armngement^  this  secreting  apparatus  has  relations  to  the  venous 
current  of  blood  which  passes  to  the  gills;  it  has  therefore  the 
same  relation  as  the  excretory  organ  of  the  Lamellibrancbiata  and 
Cophalophora. 

It  is  less  certainly  proved  that  the  sacs  which  contain  the  excre- 
tory venous  appendages  have  any  internal  communications.  While 
some  authors  assert  that  there  is  such  a  connection  with  the  blood- 
vascular  system,  and  especially  with  the  pericardial  sinus,  others 
deny  it.     These  organs  still,  therefore,  require  much  elucidation. 

IIa>xock,  a.,  On  tho    Structure  and  Homologies  of  tho  Benal  Oigan  in  the 
Nudibranchiato  MolluFca.    Transact.  Linnean  Soc.    Vol.  XXIV. 


Generative  Organs. 
§  293. 

Reproduction  is  never  effected  in  the  MoUusca  by  any  of  those 
asexual  modes  which  we  saw  in  the  Arthropoda  to  be  ultimately  due 
to  sexual  difEerentiation.  It  is  exclusively  dependent  on  the  complete 
activity  of  both  sets  of  generative  organs.  In  several  divisions  the 
two  organs  have  been  seen  to  arise  from  different  layers  of  the 
embryo;  the  male  having  been  found  to  have  relations  to  the 
ectoderm,  and  the  female  to  the  endodeim.  These  organs  are  fairly 
distinct  in  the  different  classes  of  the  MoUusca,  so  that  it  is  only 
possible  to  derive  them  from  a  ground-form  common  to  the  whole 
group,  by  looking  for  this  form  at  a  very  low  stage  of  differentiation. 

In  tho  Placophora  there  is  an  unpaired  germ-gland,  from 
which  paired  efferent  ducts  lead  to  the  laterally  and  posteriorly 
placed  genital  pores.  Owing  to  the  presence  of  separate  efferent 
ducts,  the  arrangement  is  of  a  higher  grade  than  it  is  in  the  Lamelli- 
branchiata.     In  most,  the  sexes  appear  to  be  distinct. 

In  the  Lamellibranchiata,  individuals  in  which  the  two  sexes 
are  united  are  only  found  in  a  few  diverse  genera,  or  even  in 
isolated  species ;  they  probably  represent  the  remnant  of  an 
aiTangement  which  was  formerly  found  in  the  whole  class. 
In  the  Oysters  wc  find  an  intermediate  step  towards  a  separa- 
tion of  the  sexes,  inasmuch  as  these  organs  are  not  active  at 
the  same  time  in  the  same  individual;  but  the  male  and  female 
organs  are  alternately  so.  The  germ-glands  are  paired  and 
placed  at  the  sides;  they  also  open  separately.  They  generally 
occupy  a  large  portion  of  the  coelom,  and  are  often  intimately  con- 
nected with  other  organs. 

Gradation al  differences  can  bo  made  out  in  the  relations  of  the 
two  kinds  of  germ-glands  in  hermaphrodite  forms,  which  indi- 
cate the  lines  along  which  tho  separation  of  the  sexes  has  been 
effected.  In  some  (e.g.  Ostrea)  the  germ-gland  is  a  hermaphrodite 
organ  in  the  fullest  sense  of  the  word.     The  follicles  which  produce 
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the  ova,  and  those  which  produce  the  semen,  are  united  together,  and 
the  efferent  ducts  are  common  to  both  sets  of  products,  In  Pecten 
ako  {P.  varius)  the  latter  arrangement  obtains,  but  the  germ- 
gland  itself  is  differentiated  into  a  male  and  a  female  portion.  The 
former  is  placed  in  front  and  aba^o,  the  latter  behind  and  below. 
When,  fiualljj  aa  in  other  forms,  the  sepai^ate  germ-glanda  have 
ducts  which  open  aeparately,  they  aro  more  highly  differentiated 
(Pandora) ,  In  many  genera  hermaphroditism  predominates  in  some 
speciois,  while  otheria  have  the  sexes  separate  (Cardium), 

The  efferent  docts  of  the  germ-glands  arc  feebly  developed, 
and  the  glandular  loljules  are  often  phiced  close  to  their  common 
orifice.  There  are,  therefore,  no  accessory  organs  of  any  kind» 
They  open  in  various  ways  on  either  side.  The  genital  canal  is 
sometimes  united  with  the  excretory  organ,  so  that  it  looks  like  a 
differentiation  from  it,  and  the  generative  products  are  passed  out 
through  it  (e.g.  Peeten,  Lima,  Spondylus) ;  the  genital  canal  is 
sometimes  united  with  the  orifice  only  of  this  organ  {e.g.  Area, 
Mytilus,  Pinna)  ]  lastly,  it  sometimes  opens  by  a  proper  papilla 
(e.g.  in  Ostrea,  0nio,  Anodonta,  Mactra,  Chama), 

From  these  facts  it  is  clear  that  the  excretory  apparatus  18  of 
great  importance  in  aiding  in  the  formation  of  the  efferent  ducts  of 
the  gen  e  rat  i  ve  prod  u  c  t  s ,  The  ge  n  i  tal  canal ,  in  as  m  uch  as  i  t  op  en  s  i  n  t  o 
the  excretory  organ,  appears  to  be  a  differentiation  of  the  latter, 
which  is  extended  to  the  germ-glands  in  which  the  generative  pro- 
ducts are  developed;  and  the  gradual  separation  of  the  genital  canal 
from  the  excretoiy  organ  implies  a  further  stage  of  differentiation, 
which  leads  to  a  complete  separation  of  the  genital  canal,  and  con- 
sequently of  the  generative  organs,  from  the  excretory  organ.  This 
arrangement,  which  is  seen  in  all  the  higher  Mot  In  sea, 
must  therefore  be  derived  from  a  primitive  functional  con- 
nection between  the  generative  and  excretory  organs;  this 
relation  is,  later  on,  simply  indicated  in  a  faint  manner  by  the 
approximation  of  the  external  openings  of  these  organs. 

The  Lamellibranchiata,  by  showing  the  lines  along  which  the 
differentiation  of  the  efferent  ducts  of  the  generative  organs  has 
been  effected,  are  not,  so  far  as  these  relations  are  concerned,  so 
veiy  distant  from  the  Vermes  or  the  Brachiopoda*  Some  of  the 
Vermes  present  us  with  relations  identical  with  those  of  the  Lamelli- 
branchs;  while  others,  liaving  the  efferent  apparatus  greatly,  and 
appai-ently  specially,  complicated  (Platyhelmiuthes),  make  it  at  first 
sight  more  difficult  to  give  any  explanation  of  this  matter, 

§  294, 

Th©  generative  organs  of  the  Grastropoda  and  Pteropoda  are  in 
many  ways  more  highly  differentiated.  Although  there  is  a  *'  her- 
maphrodite gland,- '  as  in  the  Lamellibranchiata,  which  is  found  in 
a  larger  number  of  forms,  the  apparatus  is  considerably  compli- 
cated, and,  as  a  rule,  has  copulatory  organs  connected  with  it.     The 
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generative  gland  is,  moreover,  always  unpaired,  and  is  placed,  and 
opens,  asymmetrically,  so  that,  aii  compared  with  tbe  Lamellibran- 
chiata,  it  must  Iiave  undergone  nuilateral  degeneration. 

The  hermaphrodite  gland  varies  greatly  in  character.     It  is 

always  made  up  of  a 
number  of  lobes  (Fig, 
203,  ^1),  which  form  the 
ovarian  germs  at  their 
furthermost  blind  ends 
(a),  while  the  semiDal 
masses  are  developed  at 
some  distance  from  the 
end  (h),  These  spots  are 
not,  however,  separated 
from  one  another,  Init 
the  common  cavity  of  a 
lobule  is  the  spot  at 
which  the  various  pro- 
ducts are  developed. 
They  are,  therefore,  colls 
derived  from  epithelial 
structures,  which  become 
ova  at  one  point,  and  at 
another  give  rise  to  seminal  filaments.  This  double  production  does 
not  seem  to  take  place  simultaneously,  as  a  rule,  so  that  the  same 
lobule  or  the  same  gland  produces  ova  at  one  time,  and  sperm  at 
another, 

A  differentiation  may  bo  made  out  in  the  lobules  when  the 
ovarian  portions  form  diverticula  (B,  a)  ;  in  this  case  they  are 
grouped  in  a  rosette  around  the  semioal  portion  (h),  and  have  the 
appearance  of  secondary  acini.  The  variations  in  the  forms  of  the 
hennapbroditc  gland  are  duo  to  the  way  in  which  the  separate 
lobules  are  united  together;  thus  each  lobule  may  have  its  proper 
duct,  and  the  whole  gland  look  like  a  greatly- ramified  organ  (Opis- 
thobranchiata) ;  or  the  acini  may  open  in  a  row  on  one  side  of  a  duct, 
as  in  some  Pteropoda  (Cymbulia,  Tiedemannia) ;  or  they  may  be 
grouped  into  racemose  or  lobate  masses  of  glands,  of  which  tliere 
may  bo  a  number  (PhylHrhoe),  or  they  may  form  a  single,  more  or 
less  cx>mpact,  gland  (some  Pteropoda,  as  Pneumodermon^  Hyalea ; 
most  of  the  Opisthobranchiata  and  Pulmonata),     . 


Vig*  203,  FoMiclcfl  of  the  brrtiiaphroclite 
glanda  of  Gastropodtt.  .4  Of  Holix  horten- 
HiB.  The  ova  (aa)  are  dovelopod  od  tb©  wall  of  tlie 
follicle;  anil  tb©  semmal  maa«>B(?>)  intortmny,  BOf 
Aeolidia.  The  genii nal  portion  (h)  of  a.  foUtwle  is 
beset  peripWrany  by  ovariao  saccules  (a),  c  Com. 
moD  efferent  duct. 


§295. 

The  efferent  ducts  may  be  arranged  in  one  or  other  of  these 
modes  in  the  hermaphrodite  Gastropoda. 

1)  There  is  a  common  efferent  duct  for  the  semen  and  ora,  which 
represents,  therefore,  a  vas  deferens  and  oTidnct,  and  carries  botli 
sets  of  prodncta  from  the  hermaphrodite  gland  to  the  generative 
orifice,     A  ceecal  diverticulum  forms  the  uterus,  and  also  serves  for 
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the  reception  of  the  copulatory  organ.  At  the  generative  orifice,  the 
semen  either  passes  directly  into  the  subjacent  and  eversible  copula- 
tory organ,  or,  when  this  is  some  distance  from  the  orifice,  it  is 
carried  to  it  by  a  ciliated  groove.  This  arrangement  is  found  in  some 
Opisthobranchiata,  and  in  all  the  Thecosomatous  Pteropoda. 

2)  The  efferent  duct  of  the  hermaphrodite  gland  is  common  for  a 
short  distance  only;  it  then  divides,  and  each  canal  goes  on  its  own  way 
to  the  generative  orifice.  At  the  point  of  division  it  may  be  connected 
with  secondary  organs,  or  undergo  a  simpler 
kind  of  differentiation  as  expressed  by  modi- 
fications of  the  calibre  of  the  canals.  This 
may  also  happen  to  the  common  tnbe  an- 
teriorly to  its  bifurcation.  In  the  Opis- 
thobranchiata it  is  often  widened  out  for 
a  considerable  distance,  and  so  serves  as  a 
receptacle  for  the  generative  products  which 
are  about  to  be  passed  out.  In  the  Neph- 
ropneusta  (Fig.  204)  the  common  efferent 
duct  is  divided  into  two  portions.  The 
upper  one  (ve)  from  the  hermaphrodite 
gland  (z)  is  simple,  while  the  lower  is 
divided  into  two  cavities  for  some  distance ; 
the  narrower  of  these,  which  accompanies 
the  wider  one  in  the  form  of  a  half -groove, 
serves  as  a  duct  for  the  sperm,  while  the 
wider  one  {u)  belongs  to  the  female  appa- 
ratus. At  its  upper  end  this  latter  has  an 
albuminiparous  gland  (Ed)  attached  to  it, 
and  in  the  Helicinae  is  beset  with  diverti- 
cula, in  which  the  ova  obtain  their  envelope. 
As  the  other  canal  is  not  completely  shut 
off  from  this  uterus  (w),  the  separation  of 
the  ducts  is  not  complete.  It  is  only  at 
the  termination  of  the  uterus  that  the  vas 
deferens  is  continued  on  as  an  independent 
canal  (vd),  which  passes  to  the  eversible 
penis  (p),  which  here  forms  a  portion  of  the 
efferent  ducts.  The  more  distal  portion  of 
the  canal  secretes  a  substance  which  unites 
the   seminal  masses   into   a  seminal   rope 

(Spermatophor).  The  uterus,  finally,  is  continued  into  a  terminal 
portion,  which  is  known  as  the  *' vagina ;''  this  extends  as  far 
as  the  common  generative  orifice,  and  may  have  a  number  of 
appendages  (ps,  d)  on  its  sides.  In  addition  to  a  receptaculum 
seminis  {Rs),  the  Helicinad  have  a  group  of  larger  glandular  tubes 
{d),  which  are  connected  to  a  thick-walled  tube  (p«).  This  latter 
appendage  is  eversible,  and  contains  a  pointed  calcareous  concretion 
(spiculum  amoris),  which  appears  to  be  moulded  in  its  internal 
cavity. 


Pig.  20  k  Genorativo  ap- 
paratus of  Helix  hor- 
t en 8 is.  «  Hermaphrodite 
gland,  ve  Hermaphrodite 
dact.  u  Uteras.  Ed  A1- 
bamini(>aron8  gland,  dd  Ac- 
oessory  glands,  pc  Dart- 
sao.  Ra  Eeceptaoulum 
sominia.  vd  Seminal  daot. 
jp  Penis,  fi  Flagelliform 
appendage. 
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In  the  other  herrtiaphi*odite  forms  the  two  ducts  are,  as  a  rule^ 
Mparated  earlier,  and  tho  common  canal  tindergoes  merely  iinim- 
pertant  modifications.  The  separate  canals  are  modified  in  various 
ways,  the  vas  deferens  is  very  long  in  most  of  the  Opisthobranchiata, 
and  is  consequently  arranged  in  a  number  of  coils.  It  is  frequently 
united  with  a  superiorly  attached,  and  occasionally  wider,  gland^ 
before  it  reaches  the  copulatory  organ.  The  oviduct  is  not  so  long, 
and  is  but  seldom  much  widened  out.  At  the  end,  however,  of  the 
female  efferent  apparatus  there  are  a  number  of  accessory  organs. 
The  two  sots  of  efferent  ducts  either  open  into  a  common  space 
(generative  cloaca),  which  is  gODerally  placed  on  the  right  side  of, 
and  towards  the  anterior  region  of  the  body,  or  the  two  canals  open 
into  a  shallow  depression,  or  they  may  open  separately  from  one 
another,  and  on  the  surface  of  the  body. 


§  296. 

The  appendages  of  the  generative  apparatus  may  be 
divided  into  those  which  belong  to  the  male,  and  those  which  belong 
to  the  female  systems.  The  receptaculum  seminis  is  one  of  the  most 
important  of  the  female  organs.  It  is  a  rounded  or  pear-shaped 
vesicle,  inserted  by  a  hollow  stalk  into  the  vagina,  and  receives  the 
semen  at  the  time  of  eopulation  (Fig.  204,  Ih.)  Sometimes  there 
are  two  of  these  appendages  (Pleurobranchus),  which  maybe  placed 
at  some  distance  from  the  vagina,  and  on  the  narrower  oviduct 
(Doris).  In  the  Pteropoda  and  Opisthobmnchiata  the  vagina  is  pro- 
vided with  a  wide  diverticulum,  the  glandular  walls  of  which  are  set 
in  folds,  and  which  functions  as  a  uterus.  A  special  glandular  organ, 
which  resembles  in  arrangement  the  albumin i parous  gland,  opens 
into  it.  When  this  organ  is  absent,  the  wall  of  the  uterus  appears 
to  take  on  its  function.  Lastly,  we  must  mention  the  copulatory 
pouch  of  the  Pteropoda,  which  appears  to  be  a  diverticulum  of  the 
vagina,  and  receiver  the  penis  during  copulation  (Hyalea)* 

The  male  apparatus,  also,  is  provided  with  organs  of  this  kind, 
wliich,  in  their  simplest  form,  are  widened  parts  or  c^ecal  structures 
for  the  collection  of  the  sperm.  That  elongation  of  the  vas  deferens, 
which  we  have  already  mentioned,  is  physiologically  an  organ  of  this 
kind.  Similar  arrangements  are  found  in  both  the  Gfistropoda  and 
the  Pteropoda.  The  glandular  organs  attached  to  the  vas  deferens 
are  also  organs  of  this  series ;  they  are  ordinarily  known  as  prostatic 
glands. 

Ltistly,  the  male  apparatus  is  connected  with  a  copulatory 
organ,  which  is  either  the  modified  and  eversible  end  of  the  seminal 
duct,  which  when  not  in  use  projects  into  the  coclom,  or  it  is  a  special 
organ,  which  hns  no  direct  connection  with  the  vas  deferens,  and 
which,  when  not  in  use,  forms  a  retracted  tube.  The  organ  is  either 
connected  with  the  generative  orifice,  as  in  many  Nudibrnuchs, 
or  is  separated  from  it.  In  the  Tectibranchiata  (Aplysia,  Bulla, 
BullR?a,  etc.),  the  penis  opens  at  a  great  distance  from  the  common 
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generative   orifice;   a  ciliated  groove  conducts  the  semen,  which 
passes  out  from  the  generative  orifice,  to  the  copnlatory  organ. 

Among  the  PteropodajPneuinodermou  has  the  pcuis  merely  repre- 
sented by  a  papilla  placed  within  the  generative  orifice ;  while  in  tlie 
Thecosomata  there  is  an  oversible  organ  below  the  opening  of  the 
vagina. 

§  297. 

In  many  hermaphrodite  Gastropoda  the  germ-glands  may  be 
Been  to  alternate  in  function^  so  that  at  one  time  they  represent  a 
male,  and  at  another  a  female  organ,  This  fact  is  an  indication  of 
that  separation  of  the  sexes  which  is  completed  in  most  of  the 
Pros  ob  ran  chi  ata . 

Notwithstanding  the  sexes  being  separate,  we  find  the  lowest 
conditions  in  the  Prosobranchiata,  for  in  many  the  apparatus  is  merely 
represented  by  the  germ -glands.  They  repeat,  therefore,  the  sarao 
characters  aa  those  which  we  met  with  in  the  Lamellibranchiata, 
There  are  no  efferent  ducts  in  Haliotis  and  Patella.  As  in  many  of 
the  Lamellibranchiata,  the  germ -gland  appears  to  pass  out  its  secre- 
tion through  the  excretory  organ.  In  Fissurella  this  arrangement 
is  still  more  definite  in  character,  owing  to  the  comiection  between 
the  efferent  duct  and  the  excretory  organ. 

The  generative  organs  of  the  two  sexes  have  very  much  the  same 
general  characters,  so  that  it  in  often  only  possible  to  distinguish 
them  microscopically  by  the  presence  of  the  copulatory  organ  in 
the  male.  The  male  and  female  germ-glands  are,  like  the  herma- 
phrodite glands  of  many  hermaphrodite  Gastropoda,  hidden  in^  or 
placed  close  to,  the  liver. 

In  the  female  organs  an  oviduct,  which  is  ordinarily  coiled,  arises 
from  the  ovary,  and  turns  towards  the  hind-gut,  where  it  widens 
out  and  forms  a  nterus.  A  short  vagina  is  given  off  from  this,  which 
passes  to  the  generative  orifice,  which  is  placed  close  to  the  anus. 
Accessory  organs  are  rare  in  the  dicecious  Gastropoda.  Where  they 
are  beat  known  they  consist  of  an  elongated  sperm  at  heca  (recepta- 
culum}j  w^hich  opens  into  the  end  of  the  saccular  uterus,  and  which 
has  tlie  duct  of  an  album iniparous  gland  connected  with  it(Paludina). 
In  the  Heteropoda  the  seminal  receptacle  only  is  present,  and  it  is 
either  attached  to  the  end  of  the  uterus  (Atlanta),  or  united  to  tho 
vagina  in  front  of  this  organ  (Pterotrachea). 

In  the  male  organs,  the  duct  (vas  deferens)  is  either  quite  simple 
or  is  provided,  on  its  way  to  the  penis,  with  a  swelling,  which 
functions  as  a  seminal  vesicle.  The  end  of  the  vas  deferens  opens 
on  the  surface,  and  on  the  right  side,  of  the  body.  There  is  no 
copulatory  organ  in  Haliotis^  Patella,  or  Trochus.  WTiere  it  is  present  it 
is  formed  by  a  process  of  the  dermo-muscular  tube,  and  is  a  massive 
broad  body,  which  is  frequently  curved  at  its  tip ;  it  is  placed  on  tho 
right  side  of  tho  body,  or  on  tho  head,  at  the  base  of  the  right 
tentacle,  or  at  times  (Ueteropoda)  close  to  the  anus,  A  ciliated 
semi-canal,  which  often  extends  for  some  distance  on  the  surface  of 


sse 
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tlie  body,  ia  attached  to  this  organ ;  it  may  be  directly  coniinuoas 
with  the  copulatoiy  organ^  and  furms  a  groove  which  reaches  to  it 
(DoHum,  Harpa,  Strombus)^  or  it  may  traverse  the  penis  in  tJie  form 
of  a  canal  (Baccinumj  Littoriiiaj  Paladina). 


§  298. 

The  Bexea  are  quite  separate  in  all  the  Cephalopoda.  The  male 
and  female  organs  greatly  resemble  one  another  in  their  general 
mode  of  arrangement;  the  must  essential  point  in  which  is  that 
the  germ-glands  are  not  directly  continuous 
with  their  efferent  ducts.  This  fact  is  of 
importance,  as  it  seems  to  point  to  the 
use  of  an  organ  which  primitively  did 
not  belong  to  the  generative  appara^ 
tus.  In  any  case,  this  arrangement  is  alto- 
gether different  to  that  seen  in  the  germ- 
glands  of  the  Gastropoda  and  Pteropoda, 
where  the  secreting  portions  of  the  glands 
grii dually  pass  into  the  efferent  ducts  (cf. 
supra,  §  292).  In  the  Tetrabranehiata  the 
efferent  ducts  are  not  perfectly  continuous. 
The  oviduct  and  sperm -duct  both  lead  into  a 
wider  cavity,  from  which  these  ducts  start 
again. 

Of  the  female  organs,  the  ovary  is  formed 
by  a  lob  ate  gland^  which  is  invested  by  a 
special  sac,  with  which  it  is  connected  at  one 
point  only*  The  duct  (oyiduct)  is,  as  a  rule, 
single.  In  the  Octopoda  and  in  Loligo  sa git- 
tat  a  it  is  double  {Fig,  199,  od  od),a  fact  which 
points  to  its  having  been  primitively  double ; 
iu  the  rest^ — as  also  in  Nautilus — this  double 
character  has  disappeared  owing  to  the 
atrophy  of  one  of  the  oviducts.  The  oviduct 
is  attached  to  the  covering  of  the  ovary,  so 
that  the  ova  only  reach  the  duct  by  passing 
through  the  space  enclosed  by  this  covering.  The  oviduct  ordinarily 
opens  at  the  commencement  of  the  funnel;  it  only  opens  some  way 
back  in  the  bnmchial  cavity  in  those  forms  in  w^hich  the  male  has  a 
cr>pulatQry  arm  ;  liectocotylism  is  the  cause  therefore  of  a  functional 
adaptation.  At  one  point  the  oviduct  has  a  pad-like  circular  invest- 
ment of  glands,  formed  by  tubes  set  radially  to  the  axis  of  the 
oviduct  (Octopoda).  In  Nautilus,  there  is  a  larger  number  of  these 
glands,  and  they  exteud  almost  as  far  as  the  opening  of  the  duct. 
Where  these  glandular  organs  are  absent  their  place  is  taken  by  a 
secreting  apparatus  placed  close  to  the  opening. 

A   pair  of   so-called  '^nidamental   glands''   are  the   accessory 
organs  of  the  female  apparatus ;  they  consist  of  elongated  lamellar 


Fig.  205.  Male  genera- 
ti?e  organfl  of  Ootopns. 
f  ToBtiB*  c  Its  capsule. 
%'e  EIFflrent  duct,  vf'  En- 
largemont^  wliich  eervefl 
fts  a  Bennniil  vobIcIc.  9  Ac 
cessorj  glaade,  LA'  Need - 
ham^B  Foucli  (after  Cams 
and  D'Altcii). 
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tabes^  wbicli  aro  placed  in  the  anterior  region  of  tlie  animal ;  their 
short  efferent  ducts  open  beside  the  generatiTe  orifice.  Their 
secretion  appears  to  cement  the  ova  together;  and  theses  in  moat 
Cephalopoda,  aro  united  into  racemose  groups.  In  front  of  the 
nidamental  glands  there  is  a  pair  of  smaller  glandular  organs,  which 
consist  of  closely- coiled  tubeSj  and  have  the  same  function  as  the 
other  set  of  glands. 

A  similar  capsule  (Fig.  205,  c)  to  that  found  around  the  ovary 
encloses  the  testis  (f ) ;  this  organ  is  made  up  of  a  number  of 
branched  ca3cal  tubes  united  together.  These  tubes  are  likewise 
attached  to  tlio  wall  of  the  capsule,  so  that  in  this  case  also  the 
germinal  matters  first  pass  into  the  capsule,  and  then  into  the  vaa 
deferens,  which  is  coutiauoiis  with  it.  This  duct  is  a  much-coiled 
and  gradually- widening  caoal  (ve),  so  that  ifc  forms  a  seminal 
vesicle.  Glands  are  embedded  in  the  walls  of  its  widened  portion, 
and  in  many  cases  part  of  the  wall  is  converted  into  a  larger 
glandular  orgau,  so  that  this  part  has  yet  another  function.  One  or 
two  other  distinct  glandular  appendages  (fj)  are  found  in  various 
Octopoda.  All  these  glandular  differentiations  of  the  wall  of  the 
vaa  deferens  secrete  matter  which  is  mixed  with  the  sperm,  and 
which  is  used  to  form  the  special  seminal  ropes.  At  the  end  ojf  the 
glandular  portion,  or  after  uniting  with  these  ducts,  the  seminal 
duct  is  considerably  enlarged,  or  pushed  out  on  one  side  (Sepia, 
Loligo) ;  this  modification  may  also  be  converted  into  a  considerable 
appendage  (hN)  (Octopus).  These  "  pouches  of  Neodhani^^  serve  as 
receptacles  for  the  seminal  ropes  or  spermatophors,  which  are 
formed  in  the  glandular  portion  of  the  seminal  duct*  The  rest  of 
the  duct  is  continuetl,  with  but  little  change,  into  a  papillif orm  pro- 
cess, which  is  placed  on  the  left  side  in  the  mantle-cavity  (Fig.  1 78^ 
g)j  or  it  opens  to  the  exterior  at  the  base  of  such  a  papilla.  We 
have  already  described  the  way  in  which  single  arms  become  func- 
tionally connected  with  the  generative  apparatus  in  many  Cephalopoda 

The  formation  of  spermatophors^  which  is  a  comparatively 
rare  thing  in  the  Gastropoda  and  in  the  other  divisions,  is  the  rale 
in  all  the  Cephalopoda,  and  is  in  them  most  complete.  As  a  rule, 
one  of  these  seminal  ropes  forms  a  long  cylindrical  structure,  on 
w^hich  several  envelopes  may  be  distinguished.  The  contents  of  the 
tube  are  only  partly  seminal,  for  in  each  spermatophor  there  is  a 
special  snbstiince  which  occupies  the  hinder  portion,  and  which  we 
may  call  the  exploding  mass.  The  sperm  is  invested  in  a  tubular 
manner  by  a  special  coat,  and  is  placed  in  the  anterior  division  of 
the  spermatophor.  Behind  it  is  the  anterior  flattened  end  of  a  long 
and  spirally -coiled  band,  which  extends  through  a  large  portion  of 
the  spermatophor,  and  is  continuous  at  its  hinder  end  with  the  outer 
coats.  The  substance  of  this  spiral  baud  is  the  exploding  mass. 
When  it  comes  in  contact  with  the  water,  the  spiral  band  immediately 
begins  to  elongate,  and  drives  before  it,  and  to  the  front  end  of  the 
spermatophor,  that  part  which  encloses  the  semen. 

1  ^% 


Eighth  Sectioru 


Tunicata. 

General  Review. 
§  299. 

In  conceding  to  the  division  of  the  Tunicata,  formerly  bv  general 
consent  reckoned  among  the  Mollasca,  the  rank  of  a  special  phylum 
of  the  Animal  Kingdom^  we  do  no  more  than  assign  its  legitimate  valae 
to  the  very  peculiar  organisation  of  these  animals.  Their  pecu- 
liarities separate  them  not  only  from  all  the  classes  of  the  Mollnsca, 
bat  also  from  all  the  other  animal  phyla^  although  it  must  be  ad- 
mitted that  they  present  certain  distant  affinities  to  some  Vermes 
(the  Enteropneusti)^  and  that  equally  close  relationships  are  readily 
to  be  observed  between  them  and  the  lowest  Yertebrata.  We  shall 
return  to  the  subject  of  these  relationships  in  treating  of  the  Yerte- 
brata; here  it  is  only  necessary  to  remark  that  the  absence  of  a 
clearly-marked  metamerism  of  the  body  forbids  the  intimate  asso- 
ciation of  the  two  groups^  although  indications  of  the  formation  of 
metameres  in  certain  regions  of  the  body  may  be  pointed  out  in 
some  Tunicata. 

In  the  position  of  the  most  important  organs  and  their  primitive 
relations  we  find  the  most  obvious  indications  of  Yertebrate  affinity. 
Thus  we  have  the  enteron,  with  its  foremost  division  adapted  to  the 
functions  of  a  respiratory  or^an.  A  movable  appendage  of  the  body', 
present  in  the  adult  state  in  only  one  division,  but  in  others  m 
the  larval  stage,  contains  an  organ  of  support,  which  exhibits  the 
closest  resemblance  to  the  primitive  axial  skeleton  of  the  Yertebrata. 
A  further  general  characteristic  of  the  group  is  seen  in  the  hyaline 
body-coveringy  which  often  attains  a  considerable  development,  and 
is  known  as  flie  "  mantle.'* 
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The  following  divisions  are  recognised : 
Copelata.* 


Acopa. 


(AppendicoIiuiaB). 
Oikopletira,  FxitUlaria. 

1)  Aflcidie. 

SimpliceB. 

Oynthia.  Phallasla,  MoIgaU. 
Socialee. 

Olayelliiia. 
Compositn. 

Amarncciam,  BotiyUns. 

2)  LncisB. 

FyroBoma. 
8)  Cyclomyaria. 

Doliolam 
4)  Thaliadn. 

Salpa. 
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clature without  giving  an  importance  to  this  character,  which  does  not  belong  to  it ; 
the  larvso  of  many  Acopa  have  this  directive  organ.  A  much  greater  difference  between 
the  two  divisions  is  to  be  found  in  the  characters  of  their  spiracles.  In  the  Copelata 
these  open  to  the  exterior.  In  the  Acopa  they  open  into  a  cavity,  which  is  formed 
from  a  part  of  the  rudimentary  spiracle  of  the  Copelata.  This  is  the  most  essential 
characteristic. 
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Form  of  the  Body, 

§300. 

The  form  of  the  body  of  the  Tuiiicata  uBdergoes  in  the  various 
divisions  such  remarkable  mod ifi cations,  that  tho  I'osulting'  forms 
compared  in  their  extreme  conditions  of  developtiieiit  appear  to 
have  no  relationship  whatever  to  one  another.  In  the  Copelata,  tho 
lowest  Tunicata  at  present  known,  the  body  exhibits  two  dtvisionsj 
of  which  one  encloses  the  most  important  organSj  whilst  the  other 
has  the  form  of  a  very  wide  and  long  movable  appendix — the  pro- 
peHing  taiL  The  anterior  division  of  the  body  contains  the  intestinal 
tract  together  with  its  respiratory  portion.  The  gut  opens  to  tho 
exterior  by  the  ven trail j-pkced  anua.  Two  slits  break  through  the 
body-wall  from  the  respiratory  cavity.  On  the  whole  a  bilateral 
symmetry  predoniinateSj  and  accordingly  two  anti meres  are  recog- 
nisable. The  tail  portion  of  the  body  in  the  Copelata,  attached 
ventrally  to  tlie  fore-portion,  projects  at  an  angle  from  the  latter, 
and  thus  has  tho  appeai^ance  of  a  simple  appendage*  How  the  earlier 
stages  explain  this  condition  mnst  be  described  below. 

A  form  coming  near  to  this  condition  is  possessed  by  the  larva) 
of  the  Ascidians,  in  which  the  tail  is  simply  a  prolongation  of  the 
aboral  end  of  the  body,  and  so  far  appears  to  present  us  with  a  more 
primitive  condition,  A  similar  process  is  found  also  in  the  young  of 
Doliolnm^  whence  it  may  be  supposed  that  all  Tunicata  have  descended 
from  a  common  ancestor  provided  with  such  a  tail -like  region  of 
the  body.  In  Doliolum^  as  the  power  of  swimming  becomes  associ- 
ated with  modifications  of  the  respu*atory  cavity,  the  propelling  tail 
dwnidles.  In  the  Ascidians  free  locomotion  is  lost  when  the  pro- 
pelling organ  atrophies.  The  complete  animal  takes  on  a  fixed 
mode  of  life.  Wliilst  a  greater  complication  of  the  strnctare  of  the 
organism  is  acquired  the  c^xtemal  appearance  becomes  simplified. 
The  tube-like  body  exhibits  two  openings^  approximated  to  one 
another.  The  orifice  of  entrance  corresponds  to  that  of  the  Copelata* 
The  second  opening  leads  into  a  chamber  having  the  function  of  a 
cloaca,  which  has  arisen  from  a  development  in  connection  with  the 
primitive  respiratory  slits.  This  condition  of  parts  holds  good  also 
for  the  higher  divisions  of  tho  Tunicata,  amongst  which  the  Cyclo- 
myaria  and  Thaliada  appear  as  swimming  forms,  moving  themselves 
by  the  a-ction  of  the  walls  of  tho  body.  Their  body,  which  is  on  the 
whole  of  a  cylindrical  form,  has  its  incurrent  orifice  at  on©  pole  of  the 
long  axis,  and  the  orifice  leading  from  the  cloaca  at  the  other  or 
aboral  pole. 

§301. 

Complications  of  the  external  form  of  the  Tunicata  appear  in 
connection  with  the  very  common  process  among  them  of  a  sexual 
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reproduction  wbieh  leads  to  the  production  of  Colonies  or  Stocks. 
Gemmation  is  the  fandameutal  process  in  this  phsenomeoon.  It  pre- 
dominates in  the  Acopa.  In  many  Ascidia  a  new  iodividaal  buds 
from  the  body  of  the  adult  anitnal,  the  parent  sending  forth  a 
runner  («tolo)  wliich  is  composed  of  form-elements  belonging  both 
to  ectoderm  and  endoderni.  From  this  there  is  gradually  differen- 
tiated an  organism  identical  with  the  parent  animal.  In  this  way 
colonics  of  Ascidians  (Ascidiu)  sociales)  arc  produced.  In  others  this 
proceeding  appears  with  its  successive  steps  compressed  at  a  very 
early  period  of  life,  and  accordingly  there  buds  forth  from  the 
embryonic  body  of  one  Ascidian  a  second  (Diderannm),  Thus  we 
get  two  persons  closely  united  to  one  another.  From  this  case,  it  is 
easy  to  derive  those  conditions  in  which  the  sessile  young  individual 
gives  rise  by  budding  to  a  number  of  persons  (Botryllus),  In  these 
several  generatioos,  all  produced  by  budding,  follow  one  another. 
From  the  first  a  bud  grows  out,  which,  like  Didemnum,  gives  rise  by 
budding  to  two  persons,  and  from  these  in  like  manner  four  arise. 
When  the  Tnother-animal  dies  down,  the  eight  budlings  are  left  in 
communication  with  one  another  by  means  of  the  cloaca,  and  form  a 
rosette -shaped  group.  Such  and  similar  processes  give  rise  to  the 
colonies  which  we  find  among  the  Ascidim  composita3.  The  com- 
bination of  the  scattered  groups  takes  place  through  the  agency  of 
a  tissue  belonging  to  the  integument  which  in  those  persons  which 
live  isolated  lives  is  known  as  the  mantle  (outer  mantle). 

By  means  of  a  peculiar  method  of  grouping,  the  persons  of  the 
LucifB  foi*m  cylindrical  colonies.  The  wall  of  the  hollow  cylinder  is 
formed  by  the  ascidian -like  persons  and  their  common  investment. 
On  the  outer  surface  of  the  cyhnder  are  found  the  entrance- 
orifices  ;  opposite  to  them,  and  opening  into  the  internal  cavity,  are 
the  excurrent  orifices.  The  multiplication  of  the  persons  of  the 
colony  is  carried  on  by  budding.  The  formation  of  new  colonies  is 
provided  for  by  the  sexual  reproduction*  From  the  egg  arises  an 
embryo,  from  which  at  once  four  persons  bud  forth.  They  remain 
invested  by  the  mantle  of  the  first,  and  constitute  as  soon  as  they  are 
bom  a  new  colony. 

Since  the  persons  which  develop  from  an  egg  never  in  the  com- 
pound Ascidians  acquire  sexual  organs^  and  since  these  organs  on 
the  contrary  appear  iu  those  pei*sons  which  nrise  by  gemmation,  we 
haye  here  an  example  of  the  phtcnomenun  known  as  Alternation  of 
Generations. 

What  is  performed  in  the  Aacidiaj  by  means  of  offshoots  starting 
from  the  surface  of  the  body,  is  carried  out  in  the  Cyclomyaria  and 
Thaliadaj  by  a  special  organ— the  germ-stock  or  stolo  prolifer*  It 
exists  also  in  the  LuciEe,  but  has  there  a  more  limited  functional 
activity.  In  the  Cyclomyaria  it  appears  as  a  process  springing 
usually  from  tlie  dorsal  surface  of  the  body  in  the  neighbourhood  of 
the  excurrent  orifice ;  in  the  Salpse  and  in  the  Pyrosoma?  it  has  a 
ventral  origin,  and  agrees  with  the  condition  found  in  Cyclomyaria 
only  at  the  first,  for,  instead  of  budding  out  externally,  it  takes  up  a 
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position,  varying  in  different  casea,  within  a  cavity  generally  in  the 
neighbourhood  of  the  intestine.  In  its  relation  to  the  formation  of 
bnda  the  stolon  of  the  Salpre  also  behaves  differently  from  that  of 
Doliolum,  In  the  latter,  bnd-generations  spront  from  the  stolon  j 
they  are  arranged  in  rows,  are  often  dimorphic,  and  remain  attached 
to  the  stolon  by  short  processes.  In  the  Salpie  similar  buds  arise  by 
outgrowth  from  the  stolon,  bat  each  bnd  encloses  within  its  base  half 
o£  the  whole  area  of  the  stolon ;  so  that  when  two  rows  of  such  buds 
are  formed  the  material  of  the  stolon  itself  is  transferred  to  the  body 
of  the  buds.  The  maturity  of  tLo  chain-like  connected  series  of 
young  secondary  buds  (into  which  the  primary  bud  divides)  results, 
in  consequence  of  this  disposition,  in  a  separation  {Fig,  206,  n)  from 
the  parent  of  the  portion  of  the  stolon  concerned  in  its  production. 


Fig.  206.    Aecxual  form  of  Sal  pa 
pitmata  (solitmy  form),   n  Km- 
brjo-cbaia    escaping    to    tho    ex- 
terior. 


Fig.  207*  Sexual  form  of  Sal  pa  pinnata 
(cbain  form),  t  CoDncotiog  bar.  a  iQcnrrcut 
orifice,  h  Kxcurrent  orilico.  c  Ganglion* 
d  Gil  la.  /  Heart,  h  Yeulral  groove,  r  Hopatic 
pouch.  vltn  Embrj'O  with  embryonic  organs 
(both  Jigiirea  after  C.  Vogt). 


This  arrangement  brings  about  an  "  alternation  of  generations/' 
seeing  that  the  forms  provided  with  a  stolon  are  always  permanently 
devoid  of  sexual  organs.  On  comparing  this  series  of  phaanomena 
with  that  occurring  in  tlio  Ascidiae,  we  find,  just  a^  in  the  Ascidias, 
proliferous  outgrowths^  namelj,  the  stolons.  The  outgrowth  in 
(juestion  is  here  confined  to  a  definite  part  of  the  body.  In  Pyro- 
soma  a  proliferous  fitulon  is  present,  sunk  in  the  mantle^  and  from 
every  such  stolon  only  a  swingle  bud  is  developed;  side  by  »ide  with 
this  are  developed  sexual  organs.  Accordingly  it  is  not  possible  to 
suggest  that  the  stolon  belongs  to  the  sexual  apparatus.  In  the 
Salpse  and  in  Doliolum,  contrary  to  what  wo  find  in  Pyrosomaj  th© 
proliferous  stolons  give  rise  to  copious  genenitions  of  buds.  In  this 
casoj  however,  the  absence  of  a  sexual  apparatus  is  the  accompani- 
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mont  of  tlie  richer  gemmatiou,  and  we  must  regard  the  sexual  appa- 
ratus as  harmg  bceu  atrophied.  This  atrophy  of  the  sexual  apparatus 
ia  referable  to  the  increased  reproductive  activity  of  the  stolon, 
lu  the  Salpse  the  progeny  of  the  sexless  generation  are  iuva- 
riably  sexually  complete,  and  so  we  have  an  example  of  pure 
"  alternatio  geueratiouis/^  whilst  in  Doliolum  the  asexual  reproduc- 
tion is  only  played  out  after  a  numerous  series  of  stolou-bearing 
generations  have  succeeded  one  another.  In  this  manner  the  condi- 
tion of  the  Cycloniyaria  approaches  more  closely  to  that  of  the 
original  Ascidian-gommation,  and  this  both  iu  the  external  position 
of  the  stolon  and  in  the  mode  of  conuectiou  of  the  buds  with  the 
stolon.  The  internal  stolon  of  the  Salpie,  ou  the  contrary,  is  widely 
separated  from  the  primitive  arrangement,  not  only  by  its  position, 
but  alao  by  the  assumption  of  the  material  of  the  stolon  by  the  buds. 


Integument 

§  302. 

The  investment  of  the  body  of  the  Tunicata  consists  in  its 
primitive  condition  of  a  cell-layer  formed  from  the  ectoderm.  It 
persists  in  this  condition  in  the  Copelata,  in  which  it  appears  to 
represent,  at  any  rate  to  a  large  extent,  the  body-wall.  The  flattened 
cells  here  form  but  a  single  layer.  This  simple  arrangement  gives 
place,  in  the  higher  division,  to  a  complication ;  the  primitive 
arrangement  only  occurring  in  a  transient  form  in  the  earlier  stages 
of  development. 

A  layer  of  material  secreted  from  the  cells  of  the  ectoderm  forms 
a  covering  enclosing  the  body,  and  known  as  the  "  mantle/^  This 
condition  is  not  altogether  a  new  one,  for  in  many  Copelata  a  fore- 
runner of  the  mantle  is  to  be  found.  In  them  the  cells  in  the 
neiglibourhood  of  the  incurrent  orifice  attain  considerable  dimensions, 
and  secrete  a  slimy  but  consistent  subs  tan  ce,  which  forms  in  largo 
quantities,  and  gradually  enclosing  the  body  more  or  less  completely, 
assumes  the  appearance  of  a  basin-like  structure  of  relatively  large 
dimensions.  It  was  described  by  earlier  natnrahsts  as  the  "  houae,^' 
and  functions  as  a  protective  organ  for  the  body  (Oikopleiira). 

The  secretory  activity,  which  is  here  confined  to  a  particular 
region  of  the  body-surface,  is  spread  in  the  other  Tunicata  over  the 
whole  superficies*  Its  products  constitute  the  outer  mantle, 
which  i^  its  essential  character  belongs  to  the  category  of  cnti- 
cular  structures*  In  consequence  of  the  migration  into  it  of  form- 
elements  from  the  ectoderm,  the  resulting  tissue  assumes  the 
characters  of  the  connective  substances.  The  primarily  homo- 
geneous layer  becomes  converted  into  an  intercellular  substance* 
The  cells  scattered  in  it  present  a  great  variety  of  characters.  Often 
the  mantle  thus  formed  attains  a  preponderancy  over  all  other 
organs,  and  serves,  iu  consequence  of  its  rigidity,  as  a  supporting 
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organ  for  the  enclosed  parts.  The  consistency  of  this  coTering  varies 
from  the  softness  of  jelly  to  the  hardness  of  cartilage.  It  is 
generally  of  glass-like  transporenc^^j  and  in  the  Ascidians  often 
variously  coloured.  Complications  of  the  strncture  of  the  mantle 
are  brought  about  in  many  Ascidians  (Phallusia)  by  the  penetration 
into  it  of  great  numbers  of  blood-vessels.  Very  remarkable  is  the 
development  of  the  mantle  into  two  valves,  movable  on  one  another 
like  the  sholk  of  the  Lamellibranchiata^  and  which  are  able  to  open 
and  shut  ns  do  the  latter  (Chevreulius).  In  the  colony-forming 
kinds,  this  mantle-layer  is  common  to  all  the  persons,  enclosing 
them  together. 

The  formation  of  this  mantle  leads  to  a  suppression  of  the 
differentiation  of  all  other  tegunientary  organs  ;  we  have  never- 
theless to  notice  in  the  Copehita  the  formation  of  numerous  other 
organs  of  this  category^unicellular  glands,  hair-like  processes,  etc. 

A  mass  of  cells  is  also  developed  from  the  ectoderm  in  the 
PyrosomaB,  and  occupies  a  position  in  the  neighbourhood  of  the  in- 
current  orifice  j  it  is  the  paired  luminiferous  organ  of  these  animali?. 

HfR-nviG,   0.»   Uober  deu   Bau  nnd  die    Entwickolang  des   TuDicatentmiiitela. 
Jenaisclie  Zeitschr*     Bd«  VII. 


Skeleton. 

§  303. 

In  most  Tnnicata^  the  mantle,  in  virtue  of  its  rigidity^  fuuctions 
as  the  supporting  organ  of  the  otherwii^e  soft  body.  Besides  this 
we  meet  with  a  pecnliar  organ  of  the  greatest  morphological  import- 
ance. In  the  tail-like  propeller  of  the  Appendicnlarije  there  exists 
an  axial  organ  which  extends  forward  as  far  as  the  fore-body.  It  is 
made  up  of  cells,  which  secrete  a  fairly  rcsistent  chord  consisting  of 
homogeneous  substance  enclosed  in  a  continuous  sheath,  the  remains 
of  the  cells  being  found  at  a  later  penod  still  resting  upon  the  chord. 
This  chord  acts  by  means  of  its  elasticity,  bringing  the  propelling- 
tail  back  to  its  previous  position  after  it  has  been  bent  by  the  con- 
traction of  its  muscles.  Such  an  axial  organ  (Fig,  208,  ch)  is  retained 
by  all  those  Tunicata-laiTee  which  possess  a  mobile  propelling  tad, 
both  Ascidians  and  Cyclomyaria.  It  disappears  with  the  tail.  Its 
relations  of  position  show  it  to  be  homologous  with  the  chorda 
dorsal  is  of  the  Vertebrata,  and  we  may  therefore  designate  this 
structure  also  as  chorda. 


Muscular  System, 

The  disposition   of    the   muscnlature    presents    very   different 
features    in   the   various   Tnnieata,      The   Copelata,   for  instance, 
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possess  a  complete  muscular  layer  with  longitudinal  fibres,  on  the 
propulsory  taU  only.  It  can  be  divided  into  a  dorsal  and  a  ventral 
band  of  varying  breadth,  covering  in  the  chorda  from  above  and 
below.  Muscles  are  entirely  absent  from  the  anterior  division  of  the 
body  which  contains  the  viscera. 

In  the  Ascidians  the  musculature  forms  a  sac  lying  beneath  the 
ectoderm,  and  is  separable  in  Cynthia  into  several  layers  according 
to  the  course  of  the  fibres.  In  others  the  muscular  layer  is  feebler, 
composed  of  intercrossing  bands  (A.  composit89).  The  Pyrosomao 
have  no  muscles  excepting  around  the  excurrent  and  incurrent 
orifices  of  the  body.  The  musculature  of  the  Cyclomyaria  is  broken 
up  into  isolated  annular  bands ;  and  in  the  Salpas  also  it  forms  hoops, 
which  are,  however,  here  and  there  joined  to  one  another.  This 
hoop-like  formation  arises  from  the  differentiation  of  a  primitively 
continuous  muscular  layer.  Graps  arising  in  this  become  gradually 
larger  until  the  breaking  up  of  the  layer  into  separate  hoops  is 
brought  about.  At  the  incurrent  and  excurrent  opening  of  the 
Ascidians  the  musculature  has  also  an  annular  disposition  and  has 
the  characters  of  a  sphincter. 

The  form-elements  of  the  musculature  are  transversely  striated. 


Nervous  System. 

§  305. 

The  central  apparatus  of  this  system  occupies  a  dorsal  position 
in  all  Tunicata,  and  proceeds  from  a  differentiation  of  the  ectoderm, 
as  has  been  ascertained  from  the  study  of  the  development  of 
Ascidse  and  of  Salpse.   In  the  general  relations  of  the  parts  there  are 


Fig.  208.    Ascidian  embryo  with  only  a  part  of  the  tail  C.    N  Nerve-centre,  forming 

a  cavity  in  front  A',  prodaced  behind  into  a  nerve-cord  n.    0  Eye.    a  Aaditory  organ. 

K  Embryonic  foundation  of  the  respiratory  chamber,    d  Ditto  of  the  digestive  canal. 

0  Ditto  of  the  month,   ch  Chorda  (after  Knpffer). 

agreements  with  what  we  find  in  the  lower  Worms.  The  in-sinking 
of  the  ectoderm  forms  a  tube  which  remains  open  for  a  time,  and 
then  becomes  pinched  off  from  the  surface-layer  and  extends  itself 
in  Ascidian  larvae  (Molgula)  as  a  chord  reaching  throughout  the  length 
of  the  tail  (Pig.  208,  n).     A  central  canal  perforates  the  chord,  and 


396 


C0MP-.1EATIVE  4JfAT03krr, 


can  be  traced  into  the  anterior  larger  mass  (iV).  A  division  of  this 
anterior  mass  into  three  consecutive  lobes,  produced  by  an  nneqnal 
thickening  of  tbe  wall  of  the  tube,  the  foremost  of  which  is  in 
Ascidiaa  and  Salpfo  in  close  connection  witb  the  origin  of  the  visual 
organ,  is  also  to  be  mado  out  in  the  Copelataj  in  which  the  funda- 
mental structure  sketched  out  in  the  Ascidian  larvas  undergoes  a 
further  and  permanent  complication.  In  them  we  find  the  nervous 
system  made  np  of  an  anterior  elongated  ganglion  {Fig.  209,  n) 
wbicli  exhibits  three  dilatations  (App.  fiagelhim),  and  passing  back- 
wards in  the  form  of  a  chord  {it)  to  the  base  of  the  tail,  is  continned 
along  that  organ  to  its  extreme  point.  At  the  root  of  the  tail  a 
ganglionic  swelling  is  formed  on  the  chord,  and  two  others  follow 
after  this  (A.  furcata).  The  first  appears  to  be  the  more  con» 
stant.  This  apparatus,  in  its  rndimentarj  condition  a 
continuous  one,  as  appears  from  the  Ascidians'  tadpole,  must 
be  regarded  as  the  central-organ  of  the  nervous  system. 
It  is  noteworthy  that  in  the  Copelata,  too,  it  encloses  a  canal 
which  extends  from  the  foremost  ganglion  to  the  ganglion  at 
the  root  of  the  tail.  The  ceutml  elementary  parts  (the  nerve- 
cells)  are  not,  however,  equally  distributed,  but  form  the 
ganglia  only,  to  which  the  rest  of  tbe  chord  serves  as  commissure. 
The  continuation  of  the  nerve-chord  in  the  tail  lies  to  the  left  of  the 
chorda,  if  we  consider  the  two  surfaces  of  the  tail  (as  its  relation 
to  the  rest  of  the  body  requires),  as  dorsal  and  ventral  respectively. 
This  asymmetry  is  in  the  Ascidian  larva?  either  developed  late  or  not 
at  all,  so  that  as  the  primitive  condition  we  are  justified  in  assuming 
a  median  dorsal  nerve-chord*  The  fonn  of  the  nei*ve-centre 
thus  determined  is  one  which  is  in  the  highest  degiTO  noteworthy, 
since  it  is  not  presented  in  any  other  division  of  invertebrate  animals;, 
in  all  of  which  the  prolongation  of  the  central  organ  takes  place  in 
a  ventral  position. 

Peripheral  nerves  pass  out  from  the  anterior  ganglion,  branching 
laterally  around  the  incurrent  orifice  of  tho  branchial  chamber. 
Others  puss  backwards  to  the  spiracula.  In  the  tail,  nerves  pass 
out  from  tho  ganglia,  as  too  in  the  Ascidian  larvae  there  are  nerve- 
branches  on  tho  caudal  portion  of  the  nervo-centre ;  terminally  tho 
chord  gradually  breaks  up  into  a  number  of  branches. 


§  306. 

The  atrophy  of  the  tail,  or  its  complete  absence,  brings  about  in 
connection  with  the  further  elaboration  of  the  fore-end  of  the  body 
by  the  development  of  the  branchial  slits,  a  considerable  change  in 
the  nervous  centre.  In  the  Ascidians  the  caudal  division  of  the 
nerve-centre  disappears,  and  in  Pyrosoma  and  Salpa  tho  embryonic 
foundation  of  the  organ  is  limited  to  the  auterinr  portion  which  is 
accordingly  more  voluminous  in  proportion.  The  three  vesicular 
divisions  which  still  appear  as  embryonic  rudiments  in  the  Salpfe 
give  place  to  a  single  ganglion-mass.     The  Ascidians  have  this 
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body  located  between  the  iDcurrent  and  tlie  excturetit  orifices 
{Fig.  210j  ?0,  and  it  occupies  the  same  position  indicating  the  dorsal 
region  in  all  Acopa,  Whilst  in  Ascidians  the  peripheral  norToa  are 
given  off  more  abandantly  from  the  fore  and  hinder  divisions  of  the 
often  elongated  ganglion,  wo  find  in  the  Cyclomjaria  and  Pyrosoma 
nerve-branches  given  off  laterally  alsOj  and  in  the  Salpa)  the  ganglion 
gives  off  numerous  nerves  all  around  in  a  radial  manner. 

The  arrangement  of  the  whole  apparatus  is  very  widely  different 
from  that  of  the  higher  Worms,  Arthropods  and  Mollusca,  and  it  is 
only  among  the  Vertebrata  that  a  comparable  condition  is  to  be 
found.     To  this  aubject  we  shall  have  to  return  hereafter. 


Organs  of  Sense. 
§  307. 

As  sensory  apparatuses  of  an  indifferent  nature^  possibly  serving 
a  tactile  function,  certain  cells  are  described  in  the  integnment  of 
many  Tunicata  (Sulpa),  and  appear  to  be  nerve-endings.  From  aiich 
cells  filamentous  processes  stretch  towards  the  surface,  as  for  instance 
in  the  denticuktions  of  the  incurrent  orifice  in  Doliohimj  and  in  the 
niargin  of  the  same  orifice  in  Salpss*  The  processes  found  in  many 
Aficidiana  around  both  orifices  of  the  body  are  no  doubt  provided 
with  similar  organs. 

A  more  differentiated  organ  of  sense  is  the  so-called  ciliated 
groove,  which  is  formed  on  that  surface  of  the  giinglion  which  is 
turned  towards  the  branchial  chamber  (Salpm  and  Pyrosoma),  and  in  all 
Tunicata,  even  when  it  takes  np  a  position  in  front  of  the  ganglion, 
retains  a  connection  with  the  nerve-centre,  which  it  gains  at  a  very 
early  period  of  development.  By  the  upgrowth  of  the  margin  of 
this  groove  turned  towards  the  branchial  chamber,  a  variety  of 
forms,  some  stalked,  are  brought  into  existence,  whilst  dilatations  of 
the  groove  give  rise  to  modifications  of  another  kind.  The  signifi- 
cation of  this  organ,  clothed  as  it  is  with  flagellate  cells,  must  be 
that  of  an  Olfactory  organ,  or  at  any  rate  of  an  organ,  the 
function  of  which  ia  to  test  the  quality  of  the  water  coming  iuto  the 
branchial  chamber. 

With  more  certainty  can  Visual  organs  be  distinguished.  They 
have  been  observed  in  the  larvco  of  Ascidians  as  well  as  in 
Pyrosoma  and  Salpa3,  They  take  their  origin  in  the  anterior 
vesicular  enlargement  of  the  central  nervous  system  (Fig,  208,  N  ), 
and  in  fact,  on  the  dorsal  portion  of  the  wall  of  this  vesicle,  A  dark 
mass  of  pigment  sunk  in  the  wall  carries  on  its  surface  a  hemis- 
pherical refractive  body,  over  which  a  second  is  stretched.  In  the 
neighbourhood  of  the  pigment- mass,  the  cells  are  radially  directed 
towards  it,  and  accordingly  represent  a  division  of  the  central 
nervous  system  belonging  to  the  eye.     Probably  processes  of  these 
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rftdial  cells  are  sank  in  the  mass  of  pigment  directed  against  the 
light-breaking  body  perched  upon  it.  In  Pjrosoma  the  visual 
organ  appears  as  a  division  of  the  ganglion,  a  pigment*clothed 
outgrowth.  On  one  spot  of  this,  free  from  pigment|  is  placed  a 
multi -lamellar  refi*acti7e  appai*atu«* 

Although  eJso  sessile  on  the  ganglion,  the  eye  of  the  Salpa> 
seems  to  be  more  conspicuously  elevated,  and  at  the  same  time 
divided  into  several  portions.  Whether  we  have  here  the  same  type 
as  in  the  Ascidian  larvm  is  not  yet  ascertained. 

Auditory  organs  are  known  in  the  Copelata,  Cyclomyaria, 
and  many  Ascidian  larvae.  In  the  first  named,  a  vesicle  furnished 
w^th  an  otolith  is  affixed  to  the  left  side  of  the  anterior  ganglion, 
and  has  on  its  inner  wall  fine  hairs  which  appear  to  liold  the  otolith. 
Also  on  the  left  side,  but  at  a  greiiter  distance  from  the  ganglion,  is 
a  similar  vesicle  to  be  found  in  one  generation  of  the  Cyclomyaria, 
A  nerve  passes  from  the  ganghon  to  the  vesicle.  In  the  Ascidian 
larvce  there  is  also  in  the  same  chamber  of  the  ganghon  which 
surrounds  the  rudimentary  eye  an  otolith,  which  is  supported  by 
fine  hairs  (Fig.  208,  a). 

M.  U&soFF,  Beitr,  z.  KeantuisB  der  OrganiBAtion  der  Atiu^teUhiere.    Bericht  der 
K.  Qps*  tier  FreoDde  der  Natnrforechung.     Moakao,  187G  (Rusw.), 


Alimentary  CanaL 

§308. 

This  system  of  organs  forms  the  part  of  the  body  which  is  the 
most  peculiar  in  the  Tunicate  phylum,  and  enables  one  to  draw  a 
sharp  line  between  that  phylum  and  most  of  the  other  divisions  of 
the  Animal  Kingdom.  Its  peculiarity  consists  in  the  elaboration  of 
the  anterior  portion  of  the  gut  into  a  respiratory  organ,  similar  to 
that  which  we  saw  among  the  Worms  in  the  Enteropneusti.  The 
water  taken  in  not  only  brings  nuti*ient  matters,  but  serves  also 
for  respiration,  finding  its  exit  through  special  openings  (spiracula) 
which  are  cut  in  the  wall  of  this  division  of  the  gut.  As  a  con- 
sequence, peculiar  arrangementa  are  brought  into  existence  which 
have  the  function  of  directing  the  food  particles  entering  the 
respiratory  chamber  to  the  commencement  of  the  proper  alimentary 
canal.  The  embryonic  foundation  of  the  entire  gut  proceeds  from 
the  entoderm,  which,  however,  only  corresponds  to  the  rudiment  of 
the  respiratory  portion  to  begin  with,  and  from  this,  as  a  secondary 
process,  the  proper  digestive  tract  buds  forth.  Wo  shall  therefore 
treat  these  two  divisions  of  the  primitively  uniform  alimentary  canal 
sepai'ately  from  one  another;  the  more  so  since  considerable  modi- 
fications which  the  respiratory  chamber  undergoes,  bring  about  in 
their  turn  modifications  of  the  form  of  the  body. 
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Respiratory  Chamber  (Branchial  Sac). 

§309. 

The  simpleist  condition— that  found  in  the  Copelata — mnst  servo 
as  the  starting-point.  The  incurrent  orifice  {Fig.  209,  o)  homolo- 
gous with  a  mouth,  occnpios  the  foremost  region  of  the  body,  and 
leads  into  a  rapidly  widening  space,  triangular  in  section  (k).  The 
broad  ventral  surface  is  posteriorly  somewhat  oxpanded  so  that  it 
forma  two  lateral  cornna.  These  gradually  narrow  each  into  a 
tube -I  ike  continuation  which  breaks  througli  the  body- wall  on  the 
ventral  surface  (/*;')  and  forma  a  branchial  aperture  (spiraculum). 
The  dorsal  continuation  of    the  respiratory  chamber  is  continued 


Fig.  205,  Aq  Appendioularia  s&on  latoi-ally*  n  Nerve-ceutra  n'  Nerve-chord. 
ot  Otocyst  0  looarrent  orifice,  k  Respiratory  chamber,  c  Ventral  groove.  /  Ciliftle 
tract*    i  Dlgestiye  cauat.     a  Aqils.     fe^  Spiri&cle.     t  Testis,    ot'  Ovary,     c  Boot  of  the 

tail  (after  H.  Fol). 

without  any  sharp  line  of  demarcation  into  the  beginning  of  the 
proper  digcEtive  canal  (t). 

The  two  branchial  apertures  seiwing  for  the  ejection  of  the  water 
are  cylindrical  tubea,  each  of  which  takes  its  origin  as  an  outgrowth 
of  the  wall  of  the  respiratory  chamber,  into  which  au  insinking  of 
the  outer  body-wall  pushes  its  way*  The  tub©  is  beset  with  a  ring 
of  ciliated  cells,  which  excite  a  streaming  of  the  water  directed  at 
will  now  from  the  mouth  through  the  respiratory  chamber  and  the 
spiracnla  to  the  exterior,  now  in  the  reverse  direction  from  withont 
tfirough  the  spiracula  into  the  bmnchial  pharynx  towards  the  mouth. 
Mouth  and  spiraculum  act  here  both  as  incurrent  and  excurrent 
orifices  for  the  water. 

On  the  ventral  surface  of  the  respiratory  chamber  is  found  a 
deep  groove,  the  ventral  groove  (e),  open  by  small  shts  to  the 
respiratory  chamber.  In  front  two  bands  of  cilia  (/)  stretch  from 
this  groove  towards  the  dorsal  sm^face,  embracing  the  entrance  to 
the  respiratory  chamber.  These  structures  are  all  connected  with 
the  taking  in  of  food. 
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§310. 

The  rudiment  of  the  biTmchial  chamber  or  branchial-gut  gives 
rise  in  the  Acopa  to  very  highly  elaborated  differentiations  which 
are  in  harmony  with  the  condition  presented  by  the  Copelata,  In 
the  hitter,  two  outgrowing  aacs  are  formed  which  are  not  placed 
in  communication  with  tbe  exterior,  until  each  is  met  by  an  ingrowth 
of  the  ectoderm;  and  so,  too,  in  the  Ascidians,  two  lateral  sacs  arise 
by  a  pinching  off  of  the  branchial  gut.  They  communicate  for  a 
time  with  this  their  point  of  origin,  but  subsequently  separate  from 
it,  and  grow  up  around  the  walls  of  this  part  of  the  gut  dorsally, 
until  they  meet  and  unite  with  one  another.  As  a  result  we  have  a 
cavity  formed  around  the  branchial  chamber  by  tho  lumen  of  these 
united  sacs,  tho  peribranchial  space  (perithoracic  chamber  of  authors). 
An  insinking  of  tho  surface  of  the  body  approaches  the  point  of 
union  of  the  two  hidvcs  of  tho  peri  branchial  space,  and  forms,  when 
it  has  finally  broken  through,  a  communication  to  the  exterior,  tho 
excurrent  orifice.  On  the  ventral  face  the  separation  of  the  two 
spaces  persists.  During  the  concrescence  of  the  two  sacs  which 
grow  up  round  the  branchial  chamber,  and  of  tho  superficial  in- 
inking,  the  anal  aperture  is  gradually  brought  into  the  area  of  this 
ace.  This  region  then  constitutes  the  cloaca  (Fig.  210,  r/).  In  the 
walls  of  tho  branchial  chamber  there  now 
arise  clefts  leading  into  the  peribranchial 
space;  in  fact,  branchial  sHts,  which  con- 
sequently have  quite  a  different  importance 
from  that  of  the  two  primary  spiracula. 

Gradually,  the  entire  wall  of  the  respi- 
ratory chamber  breaks  up  into  a  lattice- 
work, the  fine  slits  of  which,  arranged  in 
rows,  are  besot  with  cilia.  In  the  rods  of 
tbo  lattice-work  blood-channels  are  exca- 
vated. Water  passes  through  the  slits  into 
the  peribranchial  spaces  formed  by  the  out- 
growth of  the  above-mentioned  sacs,  whence 
it  is  conducted  to  the  cloaca,  and  thence  to 
the  common  excnrrent  aperture. 

In  the  compound  Ascidians  the  excur- 
rent apertures  of  a  number  of  individuals 
are  united  to  form  a  common  cavity,  so  that 
each  group  of  individuals  possesses  a  single 
excurrent  aperture  placed  in  the  centre  and 
surrounded  by  a  number  of  incurrent  aper- 
tures. The  entrance  into  the  respiratory 
chamber  is,  particularly  in  the  Ascidians,  surronnded  by  tentacular 
organs,  which  arc  partly  in  the  form  of  extenial  processes^  partly 
placed  at  a  distance  from  the  orifice,  and  are  pointed  towards  it. 
The  lattice- work  of  the  gills  affords  an  endless  variety  in  the 
arrangement  of  its  component  rods,  and  in  the  form  and  number  of 


'Tig*  210,  Diagjatn  of  au 
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its  rows  of  slits ;  as  well  as  ootgrowths  of  diverse  kiDcls^^  wliich 
are  sometimes  ritlge-like,  sometiraes  papillifonrij  and  give  rise  to 
numerous  codi plications  by  the  formation  of  anastomosing  processes. 
The  most  remarkable  are  tlie  tongue-like  appendages  ("  languets^') 
found  in  Ascidians  and  in  Pp-osoma,  which  form  a  long  row  along 
the  dorsal  surface.  Opposite  to  them  lies  the  *'  ventral  groove," 
already  mentioned  above. 

The  branchial  chamber  of  the  Ascidiana  appears,  from  what  has 
just  been  stated^  to  bo,  in  respect  of  the  stmcfcure  of  its  walls,  a 
very  different  organ  from  that  of  the  Appendicularia?,  and  must 
have  been  formed  only  after  a  long  series  of  modifications. 

The  same  is  easentiatly  true  for  the  other  Acopa.  The  Pyrosnmfe, 
in  other  respects  very  closely  allied  to  the  Ascidians,  present  an 
aboral  position  of  the  cloaeal  opening  in  conjunction  with  the  arrange- 
ment of  the  several  persons  forming  a  colony  around  the  walls  of 
a  hollow  cylinder.  The  persons  arranged  in  the  wall  of  such  a 
cylinder  are  placed  with  their  incurrent  orifices  on  the  outer  surface, 
whilst  the  cloaca3  open  into  the  cavity  of  the  cylinder,  the  orifice  of 
which  serves  as  the  common  outlet  of  all  the  cloacje. 

In  the  Cyclomyaria  the  body,  which  in  its  mature  form  is  tub- 
shaped,  has  a  wide  internal  cavity.  The  gill,  which  traverses  this  cavity 
obliquely,  and  is  formed  by  a  membrane  perforated  by  a  pair  of  clefts, 
divides  the  internal  cavity  into  an  anterior  and  a  posterior  division. 
The  anterior  is  the  branchial  chamber,  into  which  the  incurrent 
orifice  leads ;  the  posterior  space,  into  which  the  mass  of  the  viscera, 
covered  by  the  bod3^»wall,  protrudes,  is  the  cloaca,  and  corresponds 
to  the  chamber  formed  by  concrescence  around  the  primitive  branchial 
chamber  in  the  Ascidians.  The  Salpao  have  a  similar  disposition  of 
parts.  The  gill  is,  however,  in  them  more  completely  detached  from 
the  wall  of  the  respiratory  chamber,  and  forms  a  rafter  stretcliing 
obliquely  from  the  dorsal  wall  of  the  respiratory  chamber  in  front, 
to  the  ventral  wall  behind,  on  each  side  of  which  the  respiratory 
chamber  is  widely  open  to  the  hinder  space  representing  the  cloaca. 
The  excurrent  orifice  proceeding  fram  this  has  a  more  dorsal  position, 
and  is  not  nnfrequently  drawn  out  into  a  tube-like  form  (Fig.  212,  h). 
In  consequence  of  the  reduction,  in  this  case,  of  the  gills  to  the 
rafter-like  septum,  there  is  no  formation  of  actual  gfll-slits,  and  the 
water  taken  into  the  branchial  chamber  streams  laterally  on  each 
side  of  the  median  branchial  septum  into  the  cloaeal  chamber. 

The  taking  of  water  into,  and  its  ejection  from,  the  body,  has  in 
both  Cyclomyaria  and  Thaliadas  a  close  connection  with  locomotion. 
This  function  is  here  in  fact  connected  with  respiration,  and  tiio 
position  of  the  incurrent  and  oxcurrent  apertures  are  consequently 
of  importance. 

The  water  taken  in  in  front  is,  after  it  has  passed  the  respiratory 
chamber, driven  on  towards  the  aborally-placed  excurrent  aperture  by 
the  action  of  the  muscular  rings  of  the  body* wall,  and  the  stream  thus 
expelled  works  as  a  vis  a  tergo,  and  moves  the  body  forwards  by 
jerks, 

2  D 
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A  plia3nomenon  wortliy  of  the  greatest  attention  appears  in  tlie 
Acopa  la  the  disposition  of  the  branchial  slits,  and  is  in  the  SalpsB 
alono  obliterated  by  the  peculiarities  of  their  organisation.  This 
is  the  disposition  of  the  slits  in  the  manner  of  metameric 
structures.  In  Doliolum  they  form  two  rows  of  transverse  clefts, 
and  in  Pyrosoma  and  Ascidians  their  transverse  arrangement  is  also 
perceptible,  although  in  the  latter  several  or  many  slits  occnr  in  a 
cross  series.  Although  this  disposition  is  exhibited  merely  in  a  part 
of  the  gut,  yet  we  are  able  to  recognise  in  it  a  condition  which 
supports  the  interpretation  of  it  as  an  instance  of  metamerism. 
Metamerism  exhibits  itself  here  in  fact  without  the  participation  of 
the  entire  organism,  and  it  is  not  difficult  to  understand  how^  under 
certain  conditions,  other  parts  of  the  body  might  take  part  in  it. 

§  311. 

The  close  relationship  among  themselves  of  all  divisions  of  the 
Tunicata  is  further  exhibited  in  the  existence  of  peculiar  organs 
belonging  to  the  respiratory  chamber  which  are  connected  with  the 
imtritivo  functions  of  the  animal  These  organs  are  the  ventral 
groove  and  the  ciliated  tracts.  The  ventral  groov.e  (hypo- 
branchial  groove)  (Pig.  211,  Bn),  also  called  Endostyle,  is  a  groove 
lying  in  the  ventral  median  line  of  the  branchial  chamber's  wall, 
possessing  up-standing  margins  (*)  (ventral  folds),  and  terminating 


Fig.  211.    Diagram  to  exhibit  tlie  relations  of  tlie  respiratory  dhaxnber  to  the  ventral 
groove.    A  in  BalanogloBsns.   Bin  Tunicata.   r  Bespiratorj  chamber.   nYentml 

groove,    •  Ventral  folds. 

at  its  anterior  as  well  as  at  its  posterior  extremity  in  a  blind 
dilatation. 

The  sides  of  the  groove,  which  is  at  first  in  the  Salpee  very  broad, 
but  later  becomes  narrow  as  in  the  other  Tunicata,  do  not  sink 
equally  below  the  surface  in  all  parts,  but  form  in  various  regions  a 
variety  of  prominences  which  may  be  described  as  longitudinal 
ridges  parallel  with  the  groove.  Between  these  are  more  or  less 
deeply-cut  fissures,  so  that  the  contour  of  the  groove  in  cross-section 
is  described  by  a  much  contorted  line.  The  epithelium  of  the 
respiratory  chamber  exhibits  even  at  the  free  edge  of  the  groove 
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remarkable  modifications.  The  cells  form  up-standing  longitudinal 
ridges.  At  the  bottom  of  the  groove,  between  the  two  most  deeply 
embedded  ridges,  there  are  cells  provided  with  long  vibratile  filaments 
which  may  even  project  into  the  respiratory  cavity.  The  Copelata 
possesses  the  simplest  arrangement  of  this  organ.  In  many  there  is 
only  a  single  cellular  ridge.  Two  are  recorded  in  Doliolum.  Three 
occur' together,  with  other  complications,  in  the  Ascidiad  and  SalpaB. 
The  margins  of  the  groove  as  a  rale  lie  in  close  apposition,  so  that 
the  groove  is  closed  except  at  one  part  near  its  foremost  extremity. 
At  this  spot  commence  the  ciliate  tracts  which  embrace  the 
entrance  to  the  respiratory  chamber.  They  are  clefts  beset  with  cilia- 
bearing  cells  which  take  a  dorsal  course  and  lead  either  to  the 
oesophagus  (Copelata)  or  to  the  neighbourhood  of  the  great  ganglion, 
taking  a  spiral  turn'  on  the  way  (Doliolum),  or  end  in  a  ciliated 
groove  (Salpse).  A  similar  division  of  the  foremost  section  of  the 
intestinal  tract  was  noted  in  the  Enteropneusti  (Fig.  211,-4).  Two 
longitudinal  folds  (*)  separate  this  region  into  a  respiratory  (r)  and 
an  alimentary  (n)  portion.  The  latter  seems  to  be  strictly  comparable 
with  the  ventral  groove  of  the  Tunicata,  which  in  its  early  stage  of 
development  is  also  of  very  considerable  dimensions  relatively. 

The  function  of  the  ventral  groove  is  that  of  a  glan- 
dular organ.  The  cellular  ridges  secrete  a  slimy  substance  which 
is  carried  forwards  to  the  open  part  of  the  ventral  groove  by  the 
cilia  placed  along  its  floor,  and  from  thence  is  further  moved  along 
the  ciliate  tracts.  At  the  same  time  the  mucous  masses  project  into 
the  lumen  of  the  respiratory  chamber,  arrest  the  nutrient  particles 
taken  in  with  the  water,  and  become  formed  with  these  particles 
into  a  string  which  passes  into  the  oesophagus.  Since  too  the  free 
margins  of  the  ventral  groove  are  beset  with  cilia,  and  a  ciliate  tract 
can  be  traced  as  far  as  the  oesophagus,  the  mucus  also  which  passes 
out  of  the  slit  of  the  groove  is  caught  up  hj  the  cilia,  and  directed, 
together  with  the  nutrient  particles  sticking  to  it,  towards  the 
oesophagus.  Briefly,  the  ventral  groove  secretes  mucus,  which  is 
destined  to  catch  the  nutrient  matters  suspended  in  the  water,  and 
to  be  carried  with  them  by  the  ciliate  tracts  to  the  oesophagus.  The 
entire  arrangement  has  therefore  a  nutrient  signification. 

FoL,  H.,  Ueber  die  Sohleimdruse,  eto.  der  Tonioaten.     Morph.  Jahrb.  I.  p.  223, 


Digestive  portion  of  the  Enteron, 

§  312. 

At  the  bottom  of  the  foremost  section  of  the  entire  enteron  or 
tractus  intestinalis,  namely,  of  that  section  which  is  modified  as  a 
respiratory  chamber,  commences  the  tract  which  serves  exclusively  the 
functions  of  nutrition.  As  a  rule  several  divisions  of  it  may  be  dis- 
tinguished by  differences  in  its  breadth.  An  anterior,  narrow  section 
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forms  an  oesophagus^  whicli  has  a  funnel-like  commencement  in  the 
Copelata.  A  second,  generally  wider,  section  may  be  regarded  ns 
stomach,  and  corresponds  to  a  mid-gut.  In  Ascidians  it  is  broken  up 
into  numerous  smaller  chambers  by  a  number  of  folds  and  sagittate 
up-growths  of  the  wall;  in  Copelata  it  has  a  caecal  appendage.  CsBcal 
structures  are  also  found  on  the  stomachs  of  many  Salpae.  The 
section  thus  constituted  is  usually  of  considerable  length  in  the 
Ascidians,  and  returns  on  itself  in  the  form  of  a  loop,  from  one  arm 
of  which  the  hind-gut  proceeds.  These  two  sections  of  the  canal 
are  quite  short  in  the  Copelata  and  also  in  the  Cyclomyaria,  where, 
as  in  the  Ascidians,  they  are  but  little  differentiated  from  one  another. 
In  many  Ascidians,  the  single  or  double  loop  of  the  alimentary 
canal  has  a  position  at  the  side  of  the  respiratory  chamber  in  the 
outgrowth  of  the  body-cavity  which  there  surrounds  the  respiratory 
sac ;  others  have  the  digestive  tract  confined  entirely  to  the  region 
behind  the  respiratory  chamber,  the  various  forms  of  which  appear 
to  determine  this  relation. 

The  Salpas  have  their  digestive  tract,  together  with  its  appen- 
dages, compacted  into  a  mass  (the  nucleus). 

As  accessory  organs  of  the  digestive  tube  we  have,  besides 
the  outgrowths  already  mentioned,  other  glandular  tubes  in  all  the 
higher  divisions.  These  tubes  open  into  the  section  of  the  canal 
which  serves  as  stomach.  There  can  be  no  doubt  that  they  famish 
a  secretion  adapted  to  the  purposes  of  digestion.  In  form  and 
arrangement  they  exhibit  many  variations.  Sometimes  they  form 
net-like  anastomoses. 

Chandelon,  Th.,  Bcch.  sur  nne  annexo  da  tube  dig.  dea  Tanioiors.    Ball.  Acad. 
Bolg.    XXXIX. 


Vascular  System. 
§313. 

In  the  arrangements  of  their  circulatory  organs,  the  two  great 
divisions  of  the  Tunicata  differ  from  one  another.  In  the  Copelata 
a  heart  only  is  known,  and  that  is  absent  from  one  genus.  It  con- 
sists of  a  short  sac  with  its  ends  attached  to  two  cells,  whilst  its 
delicate  walls  present  two  longitudinal  slits  placed  on  opposite  sides 
to  one  another.  The  circulation  of  the  blood  is  provided  for  by 
the  pulsations  of  this  pouch;  in  fact,  without  the  existence  of 
vessels,  a  distinct  direction  is  given  to  the  movement  of  the  blood 
in  the  body-cavity  which  can  be  recognised.  In  the  Acopa  a  vas- 
cular system  in  connection  with  the  heart  is  present,  which  in  certain 
parts  has  a  lacunar  character.  It  appears  then  that  a  portion  of 
the  primitive  body-cavity  is  adapted  to  the  purposes  of  a  blood- 
carrying  system. 

In  the  Ascidians  the  elongated  heart  lies  in  the  neighbourhood 
of  the  digestive  organs,  and  bending  inwards  at  each  end  gives  rise 
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to  a  vessel.  One  of  these  two  vessels  taking  a  ventral  course  breaks 
up  into  a  net-work  which  is  distributed  over  the  branchial  lattice- 
work, whilst  the  other  passes  to  the  intestine  and  to  the  generative 
organs  and  branches  out  upon  them.  The  same  main-vessel  sends 
also  a  branch  to  the  mantle  and  twigs  to  the  ^•all  of  the  c«lom 
(body-cavity).  The  blood  distributeii  in  this  set  of  vessels  is  col- 
lected again  into  a  longitudinal  trunk  lying  on  the  dorsal  side  of 
the  branchial  sac,  which  also  receives  vessels  from  the  intestine  and 
from  the  generative  organs.  Whether  these  dispositions  which  have 
been  observed  in  the  solitary  Ascidians  have  a  more  general  distri- 
bution is  not  yet  ascertained. 

In  the  Salpa3  the  short,  thin-walled  heart  (Fig.  212,  c),  generally 
having  the  form  of  a  tube,  constricted  at  intervals,  is  in  connection 
with  a  large  vascular  canal  (v),  which  runs  along  the  ventral  surface, 
and  also  at  the  opposite  end  the  heart  is  directly  continuous  with  a 
large  vessel;  the  latter,  in  those  forms  which  possess  a  so-called 
nucleus  (vi),  breaks  up  at  once 
into  a  reticular  system,  which 
is  distributed  in  this  body,  and 
represents  the  intestinal  ves- 
sels of  the  Ascidians.  In  other 
Salpao  (those  without  nucleus) 
it  appears  to  divide  into  many 
branches,  which  run  towards 
the  dorsal  surface  and  end  in 
a  longitudinal  canal.  This 
dorsal  vessel  {v )  is  placed  in 
communication  with  the  ven- 
tral stem  by  a  number  of  trans- 
verse canals  (r),  which  freely 
anastomose  with  one  another. 
There  exists  a  further  direct 
communication  between  the  anterior  portion  of  the  dorsal  vessel  and 
the  hinder  vessel  proceeding  from  the  heart,  through  a  number  of 
vessels  which  run  through  the  gills  and  break  up  there. 

The  most  important  peculiarity  of  the  vascular  system  of  the 
Tunicata  is  assuredly  the  existence  of  the  two  longitudinal  stems 
which  pass  along  the  branchial  sac,  and  which  farther  on  meet  on 
the  intestine. 

Let  us  supi)ose,  starting  from  the  Ascidians,  the  intestine  to  bo 
continued  in  the  direction  of  the  long  axis  of  its  anterior  division, 
the  branchial  sac,  so  that  the  anus  came  to  bo  placed  at  the  aboral 
polo  of  the  body,  then  we  should  find  the  niTangemont  of  tlio 
vascular  apparatus  to  be  similar  to  that  of  many  Worms,  even  in 
respect  of  the  detail  that  the  branches  of  both  longitudinal  trunks 
are  divisible  into  visceral  (to  the  branchial  sac  and  intestine)  and 
parietal  series  (to  the  body-wall). 

The  heart  belongs  to  the  ventral  longitudinal  stem. 
It  is  in  fact  a  differentiated  portion  of  that  stem.     In  this 


Fig.  212.  Giroulaiory  By  atom  of  Sal  pa 
maxima,  a  Incurront  orifico.  6  KzourrtMit 
oriBoe.  br  Branchial  Boptum.  h/  Attach, 
mont  of  tho  gills,  vi  Vittcoral  masA  (nu- 
clous),  c  Hi^art.  v  Ventral  vascular  stoni. 
v'  Dorsal  vascular  stcni.  !»"  Comnuinioating 
transrorso  stems.  (Tho  finer  ramillcations  of 
tho  Tcssols  are  not  rc])rc8ontod.)  (After 
Milne-Edwards.) 
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fact  we  have  a  special  divergence  from  the  arrangement  obtaining 
in  all  other  invertebrate  animak,  for  in  them  the  central  organ  of 
the  circulation  is  invariably  a  specialisation  of  a  part  of  the  dorsal 
vascular  stem.  Nevertheless  there  can  be  no  mistake  about  the 
connection  with  that  of  the  Worms  in  the  disposition  of  the  whole 
apparatus. 

Peculiar  to  all  Tunicates  is  the  alternating  direction  of  the 
blood-stream  set  in  motion  by  the  heart.  In  consequence 
of  tins  change  of  direction,  it  is  not  possible  in  them  to  speak  of  an 
arterial  and  a  venous  division  of  the  vascular  system.  When  the 
heart  has  completed  a  certain  number  of  pulsations  in  one  direction, 
suddenly  a  moment  of  quiescence  occurs,  and 
then  the  peristaltic  movements  of  the  cardiac 
tube  begin  again,  but  in  the  opposite  direction. 
This  condition  of  indifference  is  a  further  obstacle 
to  the  close  assimilation  of  the  vascular  system 
of  the  Tunicata  to  that  of  any  one  of  the  other 
great  divisions ;  at  the  same  time,  it  calls  to  mind 
a  similar  pha)nomenon  of  the  reversal  of  the  blood- 
stream in  the  Gephyraea  (Phoronis). 

Organs  of  excretion  have  as  yet  been 
recognised  in  the  Tunicata  to  a  limited  extent. 
In  many  Ascidians  (Molgula,  A.  conchilega,com- 
planata)  a  tubular  organ  is  found  in  the  neigh- 
bourhood of  the  branchial  chamber,  or  placed 
farther  back  in  the  body,  which  exhibits,  besides 
other  cells,  some  containing  concretions.  In  one 
species  the  murexide  reaction  has  been  obtained. 
No  openings  have  been  discovered  in  the  organ, 
so  that  the  arrangement  appears  to  represent 
that  condition  in  which  excretionary  matters  are 
separated  in  the  organism,  and  form  concretions 
which  are  not  removed  to  the  exterior. 


Fig.  218.  Organisa- 
tion of  an  Ascidian 
(AmaroDciam  pro- 
Ufomm).  sh  Bran- 
chial sac.  V  Stomach. 
t  Intestine,  c  Heart. 
t  Testis,  vd  Efferent 
duct  of  the  testis. 
0  Ovary,  o'  Eggs  in 
the  body  -  cavity. 
The  arrows  indicate 
the  direction  of  the 
stroani  of  >vater  at 
the  orifices  of  the 
body  (after  Milne- 
Edwards). 


Sexual  Organs. 

§  314. 

Only  one  division  of  the  Tunicata  is  provided 
with  sexual  organs  universally  —  the  Copelata. 
In  the  others,  in  consequence  of  the  elaborate 
asexual  reproduction,  a  large  proportion  of  indi- 
viduals are  devoid  of  sexual  organs ;  the  absence 
of  which  is  explained  by  the  production  of  germs, 
a  modification  of  the  process  of  multiplication  by 
budding  (cf.  p.  391). 
The  hermaphrodite  arrangement,  common  among  Tunicata,  is 
often  found  at  a  very  low  stage  of  development.    The  Appen- 
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diculariad  have  no  efferent  dncts  for  their  sexual  glands^  which  are 
sometimes  paired  and  sometimes  single.  In  the  Acopa  the  sexual 
elements  are  discharged  into  the  cloaca.  The  male  organ  has  the 
form  of  a  sperm-producing  caBCum^  which  in  Doliolum,  and  also  in 
many  Ascidians^  retains  this  simple  form;  whilst  in  F^rosoma  it 
acquires  a  rosette-like  shape^  and  in  most  Ascidians^  and  also  in  the 
Salpse^  is  produced  into  branches^  and  forms  a  kind  of  multilobular 
gland.  In  many  Ascidians  (Molgula)  the  testes  surround  each  of 
the  two  ovaries  as  a  number  of  separate  glands^  and  open  to  the 
exterior  with  separate  efferent  ducts.  The  ovaries  too  have  often  a 
multifid  character^  at  least  in  many  Ascidians;  in  others  they  are 
only  represented  by  a  group  of  eggs  of  different  stages  of  develop- 
ment, each  of  which  is  enclosed  in  a  kind  of  capsule.  In  many  only 
a  few  such  eggs,  joined  together  by  a  common  stalk,  are  present ; 
and  in  the  Salpse  and  Pyrosoma  we  have  only  a  single  e^g,  the  stalk 
of  which  exists  in  the  early  stages  of  growth,  but  gradually  shortens. 
The  development  of  the  sexual  products  occurs  here  at  different 
periods  for  the  two  sexes ;  the  male  organ  only  reaches  its  maturity 
after  the  egg  has  commenced  to  develop  as  an  embryo. 

The  presence  of  an  efferent  duct  for  the  sexual  products  appears 
to  depend  upon  the  greater  or  less  distance  of  the  sexual  glands 
from  the  cloaca.  The  whole  apparatus,  however,  requires  a  very 
much  more  careful  investigation  than  it  has  yet  received. 


Ninth  Section. 


Vertebrata. 

General  Review  of  the  Group. 

§  315. 

The  most  essential  characters  of  the  Vertebrata  are  the  possession 
of  a  skeleton  traversing  the  longitudinal  axis  of  the  body,  and  tho 
division  of  the  body  into  a  number  of  metameres  (primitive  ver- 
tebne).  They  differ  from  the  Tunicata,  with  which  alone  of  all 
the  divisions  of  the  Invertebrata  they  have  any  well-marked  rela- 
tions, by  this  metamerism.  They  have  more  distant  relations  to  the 
Vermes,  but  then  this  group  obviously  has  relations  to  most  of  the 
other  phyla. 

The  axial  skeleton  separates  a  dorsal  from  a  ventral  division  of  the 
body.  The  former  contains  the  central  nervous  system,  the  latter  tho 
digestive  canal,  which  is  continued  on  from  a  respiratory  chamber, 
and  which,  with  the  organs  difEerentiated  from  it,  is  embedded  in  a 
coelom.  Two  regions  therefore  can  be  made  out,  which  extend 
along  the  body  ;  the  upper  one  is  neural,  and  the  lower  enteric; 
the  chief  trunks  of  the  system  of  canals  for  the  nutrient  fluid 
belong  to  the  latter  region. 

The  various  divisions  are  set  in  order  in  the  following  review : 

A.  Acrania. 

Leptocardii. 
Amphioxus. 

B.  Craniota. 

I.     Cyclostomata** 

Myxinoidoa. 

Bdellostoma,  MyxlnO. 
Petromyzontet. 

Petromyzon. 

*  Tho  Gyclostotnata  should  bo  placed  apart  from  alt  tho  rest  of  the  Craniota^  for 
their  whole  organisation  shows  that  they  branched  off  very  early  from  the  Craniota. 
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11.     Gnathostomata. 
a)  Anamnia. 

1)  Pisces. 

Selaohii. 
Bqnali. 

Hexanohns,  Heptanchus,  Acanthias,  Soymxins,  Galeos,  Soylliom, 
SqnatinA. 
Rajte. 

Raja,  Torpedo,  Trygon. 
Holooephali. 

Cbimsra. 
Dipnoi. 

Monopneumone  B. 

Oeratodos. 
Dipneumones. 

Frotopterns,  Lepidosiren. 
Ganoidei.* 
Sturiones. 

Acipenser,  Spatolaria. 
Polypterini. 
Polypternp. 
Lepidosteini. 
LepidosteoB. 
AmiadinL 

TeleoBteL 

Physostomi. 

Abdominales. 

Clnpea,  Salmo,  Esox,  CyprimiB,  Bilarns,  Mormyrns. 
Apodes. 

Morsena,  Conger,  Gymnotas. 
Physoolysti. 
Anaeanthini. 

Gadns,  Plenronectes. 
PharyngognathL 

Belone,  Hemirhamphns,  Chromis,  Labms. 
AcanthopterJ. 

Perca,  Labrax,  Trigla,  Soropama,  Anabas,  Mugil,  Scombor, 
Zens,    Tracbyptems,   Oobios,  Cyclopterus,  Blennios, 
Lopbins. 
Plectognatbl. 

Ostracion,  Diodon,  Orthagoriscns. 
Lophobranchii. 

Syngnatbns,  Hippocampus. 

2)  Amphibia.t 

Urodela. 

Perennibranobiata. 

Siredon,  Menobranchtis,  Proteus. 
Gadncibranohiata. 

*  I  regard  each  of  these  divisions  of  the  Ganotdei  as  highly  independent.  They 
represent  the  last  shoots  of  very  divergent  series  of  forms,  of  which  that  of  the  Polyp- 
terini  has  many  points  of  relationship  to  the  Dipnoi ;  the  Amiadso,  on  the  other  hand, 
are  the  nearest  allies  of  the  Teleostei  (ClnpetdsB).  It  would,  perhaps,  be  best  to 
separate  them  completely  from  the  Gkknolidei.  The  Storiones  show  the  greatest 
resemblance  to  the  Selaclui. 

I  must  regard  the  Selachii  as  being  nearest  to  the  ancestral  form  of  the  Gnathosto- 
s.  matons  Vertebrata.    The  Holocephali,  as  well  as  the  Dipnoi  and  Ganoidei,  appear  to 

^  have  branched  off  from  them,  whUe  the  Teleostei  again  are  a  branching  off  from  the 

Ganoidci. 

t  The  living  Amphibia  form  only  a  very  small  group,  which  in  many  parts  indi- 
cate considerable  retrogression ;  but  few  fossil  forms  can  be  safely  placed  in  it.  The 
palsaontological  records  of  the  Amphibian  phylum  are  fragmentary  in  the  highest  degree. 
There  are  many  reasons  for  placing  the  Ajnoheg^sauria  with  them,  but  yet  there  are 
many  points  in  which  these  forms  resemble  the  Beptilia. 
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a)  Anamnia  {continued), 

Derotremata. 

Ciyptobraiiohiu},  Medopoma. 
Salamandrina. 

Triton,  Balamandra. 
Anura. 

Pelobates,  BombiBator,  Hyla,  Ceraiophrys,  Baoa,  Bnfo. 
Gymnophiona, 
Goocilia. 

b)  Amniota. 

1)  Bauropsida. 
1.    Reptilia.* 
Chelonii. 

Sphargifl,  Trionyx,  Chelonia,  ChelyB,  Chelydra,  Emys,  TeBtndo. 
Saurii. 

ABcalabota. 

FlatydactyltiB,  Uemidadylns. 
Bhynchocephala. 

Sphenodon. 
Laoertina. 

Iguana,  Calotee,  Draco,  Phrynosoma,  TJromafitiz,  Lacerta, 
Ameiya, 
MonitoroB. 

Monitor,  PsamTnoeaoniB. 
Bcincoidea. 

Bcincns,  Sepe,  Anguis. 
Ohalcidea  (P^chopleura). 

Chalcis,  Zonoros. 
Chameeleonida. 

GhamKleo. 
Amphisbsenida  (Annulata). 
Amphiflbsena,  LepidoBtemtim. 
Ophidii.t 

EnryBtomata. 

Python,  Boa,  Coluber,  Tropidonotos,  Dxyophitf,  Pipeav,  Hydro- 
phiB,  Crotalas,  TrigonocephaloB,  vipora. 
Stenostomata. 

T^hlopB,  Uropeltis. 
Crocodilini. 

Alligator,  OrocodilxiB,  Bamphostoma. 
2.    AyeB.t 
BatitBB. 

Btmtliiot  Dromoeus,  Apieryx. 
Carinatoe. 

Gallinaoose. 

Megopodins,  Penelope,  Crax,  Cryptums,  LagoptiB,  TebaOj  PaTO« 
Komidai  GalluB,  Fhafiianns. 

*  Tho  various  diviBious  of  this  class  appear  to  bo  the  very  divergent  terminal  twigs  of 
a  branch  of  the  Yertebrata,  which  was  in  former  times  largely  represented.  Many  of  the 
fossil  divisions  which  are  ascribed  to  the  Beptilia,  such  as  the  Enaliosanria,  apparently, 
however,  branched  off  from  the  Vertebrate  phylum  before  the  Amphibia.  In  another 
group  of  fossil  Saurii  we  find  forms  intermediate  between  the  Beptilia  and  Birds ;  and 
that  most  markedly  in  tho  characters  of  the  skeleton  of  the  foot.  These  are  the 
OmithoBCclida.  By  uniting  Beptilcs  and  Birds  into  one  division  of  the  Sanropsida, 
as  Huxley  has  done,  we  put  these  relations  in  their  proper  light. 

f  The  Ophidii  form  a  division  nearest  to  that  of  the  Saurii,  and  derived  from  it,  and, 
with  it,  equivalent  to  tho  Chelonii  or  Crocodilini ;  and  they  were  thus  put  together  by 
Stannius  as  Strcptostylica. 

X  Tho  class  of  Birds  which  arose  from  reptilian  forms  is  one  which  is  divided  by  • 
the  most  important  points  in  its  organisation  into  groups  which  diverge  very  slightly 
from  one  another,  for  the  characters  of  these  subdivisions  present  disting^ishmg  points 
of  very  slight  importance  in  comparison  with  those  of  the  other  divisions  of  the  groups 
of  the  Vcrtobrata.  Through  the  Saururi  (Archa^optcrjx)  they  are  directly  connected 
with  the  Omithoscclida. 
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b)  Amniota  {continued). 


Colambe. 

Colamba. 
Qrallatoret. 

Otis,  Dicbolopbus,  Qnu,  Ardea,  Cioonia,  VancUiu,  Charadrius, 
Scolopax,  Folica,  Gallinala,  BalluA. 
Natatorca  (Palmipedee). 

ProoeUaria»  Sterna,  Laros,  Phatfton,  Ploto*.  PelecannK.  Carbo, 
Anser,  Anas,  Orgnaa,  PboBniooptems,  Mormon,  Uria,  Alca, 
Aptenodjtea. 
Pasaerea  (Inaeaaorw). 

FringiDa,  Alanda,  Turdna,  Sylvia,  Hotocilla,  Paras,  If  oacicapa, 
Laaina,    Stnmna,    Corriia,   Hbrundo,  Corthia,  Trocbiloa, 
Upupa,  Herope,  Goracias,  Aloedo,  Boceroa. 
Picidea. 

Piooa,  Yirnx. 
Paittacidea. 

PaittacQa,  Stiygops,  Noetor. 
Bapacea. 

Gypogeranna,  Faloo^  Bnteo,  Aqoila,  Gypadtoa,  Y  ultur,  CaUiartes, 
Harpyia,  Samia»  Strix. 
2)  Mammalia. 

Ornitbodelpbia  (Monotremata). 

Omitborbyncbna,  Tgc>**'^n«^ 
Didelpbia*  (Maraapialia). 
Botanopbaga. 

Halmatoraa.  Dendiolagoa,  Pbaacolomya,  Pbaacolarctna,  Fbalan- 
giata, 
Zoopbaga. 

Peramelca,  Daqmrna,  Tbyladnna,  Didelpbys,  Cbironectea. 
Honodelpbia  (Placentalia). 
Edentata.t 

Mynnecopbaga,  Mania.  Cbbimydopborna,  Baaypna,  Bradypus. 
Ungnlata. 

Artiodactyla. 

Sua,  Dicotylea,  Moeobus,  CamdopardaUa,  Cervoa,  Antilope* 
Capra,  Ovb,  Boa. 
Tylopoda. 

Oameloa,  Aoobonia. 
Periaaodaotyla. 

TapiroB,  Bbinooeroe,  Bqaus. 
Sirenia. 

Manatoa,  Halicorei 
ProBimii.$ 

Stenopa,  Lemur,  Otdicniis,  Tarainai  GaleopitbetfiiB,  Cbiiomys* 
Rodentia. 

Sciorna.  ArotomyB  j  Mna,  Hypodaeua,  Crioetoa,  Qeorbyobua, 
Spalax,  Pedetee,  Dipna,  Luroatomua,  Myopotamoa,  Caatori 
Hyatrii*  Coelogenya,  Cayia,  Lagomya,  Lepua. 
ProboBoidea.S 

Elopbaa. 
Lamnungia.ll 

*  I  regard  the  division  of  the  Marsupialia  as  equivalent  to  the  mouodelpbons 
^lammaliai  for  not  only  are  there  found  in  it  representatives  of  most  of  the  orders  of 
Monodelphia,  but,  further,  there  are  in  the  Monodelphia  many  indications  whioh  poiut 
to  their  having  arisen  from  a  didelphous  form.  The  Marsupialia,  or  uniting  with  them 
the  Monotremata,  the  Implacentalia,  consequently  represent  the  ancestors  of  tho 
Placentalia. 

t  The  great  variations  which  the  relations  of  the  placenta  present  in  various 
Edentata  weaken  somewhat  the  value  of  tho  placental  classification,  although  tho 
various  orders  are  generally  distinguished  by  the  similar  characters  of  their  pbicouta. 

X  The  Prosimii  form  a  stem-group,  in  some  divisions  of  which  peculiarities  are 
retained  which  are  found  in  various  other  of  tho  following  orders.  Thus  there  are 
characters  which  we  meet  with  in  Inseotivora,  Rodentia,  Camivora,  and  Primates. 

§  and  II  The  Proboscidea  and  Lamnungia  are  representatives  of  orders  which  it  is 
very  difficult  to  associate  with  the  rest.  They  hare  genetic  affinities  to  tho  Bodoutia; 
Hyrax  has  also  relations  to  the  Ungnlata. 
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b)  Amniota  {continued). 


Hjrax. 
Fcra. 

Carnivorft. 

Feli*.  Hj-anui.  Proteles,  Canu,  Horpestei,  ViTem,  Lotxm, 
ICa^da,  ICelM,  VtoM,  Procjon,  Unas. 
Pinnipedia. 

Pboca,  Otaria,  Trichechus. 
Cetacea.* 

Delphmna,  PhyMler,  Balmopterm,  Balsnia. 
Insectirora. 

ChT7«oehlorifl,  Talpa,  Sorex,  Mjogale,  Erioaoeas. 
Cbiroptera. 

Pterop>iu»  Bhinolophas,  OloMophaga,  Yeapertflio,  YeKpengo, 
Primates. 

Hapale,  Callitlirix;  Atelea,  K^cetat,  Cebas;  Qjnooepbaliu, 
Inana,  CercopithecnB;  Troglodytes,  Hylobatea,  Pitbecos; 
Homo. 
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bonie,  1805.— Vav  dib  Hokvbv,  Ontlccd-en  decrknndige  Bijdragen  tot  de  Kenniss  ron  Menobran- 
chns.  Leydon,  1807.— Wixdiibsiibix,  R.,  Salamandra  perspicillata,  etc.  Genaa,  1875.— G^m, 
Entwickelangsgeschichte  der  Unke.    Leipzig,  1875. 

Beptilla :  BoJAVus,  Anatomia  testndinis  cnropo^se.    Vilnie,  1819.— Dni £bil  et  Bibbov,  Erp^logie 

fr<*n<^ralc.  Paris,  1834-5*.— Duvf. shot  (Horpcns).  Ann.  sc.  nat.  I.  xxx.— Rathzi,  Bntwicke- 
nngsgcsch.  der  Natter.  Konigslicrg,  1837.— The  same,  Entwick.  der  Schildkrotcn.  Brannschw. 
IHH.— Tlic  same,  TJcber  die  Entwick.  nnd  den  Korperban  der  Krokodilo.  Brnnsschw.  1808.— 
(^Ai^ui  (Ummnstix).  Mem.  della  Accad.  delle  sc.  dell'ist.  di  Bologna.  III.  it.  1888.— GCkthib, 
(Hsttcriu),  I'hil.  Tr.  1H07.  11.— Letdio,  Die  in  Dentscblsnd  Icljcnden  Arten  der  Baarier. 
Tiibing'-n,  1H72.— WiBDKBhnziM,  B.,  Z.  Anat.  v.  Phyllodactylus  europ.  Morph.  Jabrb.  L 
Aves:  TiEDKMAmr,  Anatomic  nnd  Katnrgcsch.  der  VogcL  noidolberg,  1810-14.— Owmr,  On  the 
anatomy  of  the  southern  aptcryx.    Transact.  Zool.  8oc.  Vols.  II.  III.— The  same,  Art  Aves  in 

•  Tho  Cctacea  arc  apparently  of  the  same  phylum  as  the  Pinmpedia,  which  phylum 
is  (IcriTcd  from  tho  Camivora;  this  is  shown  by  certain  fossil  forms  (Zenglodon).  Bnt 
tho  pcculiDritics  of  tho  Cetacean  organisation  are  too  great  for  them  to  be  pnt  nndcr 
tho  Fera ;  they  form  the  end  of  a  series. 
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Todd*8  CrclopadiA.  L— Mnn-VDWAXBt,  Ai.nL,  Bcch.  nr  1m  o»emfM  fotsilM  des  oi*Muuc 
Pam,  laos.— ALix,  E.,  Appareil  locomoteur  des  oiMAox.    Pam,  1374. 

MamiTiaHa :  Kkckki^  J.  Fb.,  Ornithorbjnchi  paradozi  deecriptio  anatomic*.  Lips.  lttS6.— Vbolik 
(Dendrolaffus),  VerfaandeL  d.  Kon.  Acad.  AmBterd.  V.— Gcblt,  Handb.  d.  vervi.  A&aL  d«r 
Haossioffethiere.  4  Aafl.  Berlin,  1860.— Feasck.  L.,  Anatsmie  der  Hat&sthiere.  Stuttgart,  l^L 
— BauTDT  (LamaX  M^m.  Acad.  St.  P^tenbourff,  1»«1.— Owksi  (GiraffeX  Tran«ac£.  Zoiil.  8oc.  H.— 
The  same  (Rhinoceroe),  Transact.  Zool.  8oc  IV.  ii.— MiurB-KDWi.BiHs  Alth.  (Moschiied),  Amu 
Bc.  nat.  V.  iL— MrBii,  J.  (Manatos).  Tr.  Zool.  Soc.  VUL— Oampsb,  Olieerrations  sur  la  stractnre 
intime  et  le  sqnelette  de  G^tac^fa.  Paris,  180iX— Ripr,  Die  Cetac«en.  Btnttgart  n.  Tubinf;vn« 
1837.— Vbolik,  W.,  Kataar>  en  ontleodkund.  Bcsechouwinff  van  d.  Hjperoodon.  Haarlem,  I^Ml 
EscHBiCHT,  Untersnch.  fiber  die  nonliscben  Walthierc  Leipxifr,  1SI0L— IIubib,  J.  (Globio- 
eephalos,  Otaria,  Trichochos),  Tr.  ZooL  Boc.  Til.  YIUL— Birr,  Anatom.  Untervocbanffen  flbtr 
die  Sdentaten.  2  Aofl.  Tubingen,  ISSS.— Chrsx  (Kyrmecopbaga  jubata),  Tr.  ZooL  Boo.  IV.~ 
Htbti.  (CblamydopboruB  tnmcatos),  Denkschr.  d.  wien.  Acad  IX.  ISSft.— PorcHBt,  O.,  M^ 
sur  le  grand  Foormilier.  Paris,  lt)74.— Pallis,  Not.  spec,  qoadrap.  e  gliriam  ordine.  Ertangen, 
177dL— Campbb,  Descnpt  anak  d*Qn  Kl^phant  mile.  Paria,  lwS.--BraMBi8TXB,  Beitriga  b« 
nabem  Kentniaa  der  Gattong  Taraiiu.  Berlin,  I^Ml— Tax  dxb  Hobtbv  (Stenopa),  Terband.  d. 
Acad.  Amstw  Yin.— Owxx,  llonograpb  on  the  Aje>Aje.  London,  IMS.— Pbtbbs  (Chiionurs). 
AbhandL  d.  Berliner  Acad.  1S6S.— Mubxb,  J.  (Lemuridu),  Tr.  ZooL  Soc.  VIL— Ttbov,  Anatotoj 
of  a  P^gmj.  London,  Sec.  edit  1751.— ybouk.  Beeh.  d'anat.  comp.  ear  le  Chimpanse.  Amster- 
dam, 1S41.— DuTBBVOT,  G.  L.,  Caiact^  anat.  dea  grands  singes.  ArcbiTea  da  Mnseam.  VUI.^ 
Flowbb,  Osteology  of  the  Mammalia,  London,  1870.- TuairBB,  W.,  Lectures  on  oompw  anat.  of 
the  Placenta.  Bdinbargb,  ISTIL— For  humioi  anatomy,  reference  moat  be  made  to  the  wiaw«mi^  on 
the  subject. 


Form  of  the  Body. 
§  316. 

The  external  metamerism  disappears,  but  dorsal  and  ventral 
surfaces  can  generally  be  distinguisbed ;  the  entrance  into  the 
nutrient  canal  is  placed  near  the  anterior  pole  of  the  long  axis  of  the 
body,  and  on  the  ventral  surface ;  the  anus  is  also  ventral,  but  is  at 
some  distance  from  the  aboral  pole.  Three  great  regions  can  be 
made  out  even  in  the  body  of  the  lowest  divisions.  The  anterior  one 
contains  a  respiratory  chamber  formed  from  the  nutrient  canal,  and 
is  consequently  distinguished  by  clefts  in  the  sides  of  the  body- wall. 
It  carries  the  higher  sensory  organs,  and  in  the  Craniota  gives  rise, 
by  concrescence  and  differentiation,  to  a  head. 

The  second  portion,  which  in  Ajnphioxus  is  not  sharply  marked 
off  on  the  dorsal  surface  from  the  preceding  one,  forms  the  trunk, 
which  encloses  the  coelom  and  its  contents ;  this  is  only  marked  off 
from  the  last  or  caudal  portion  of  the  body  by  the  anus ;  so  that 
from  the  outside  there  is  not  much  difference  between  them. 

We  have  already  met  with  these  divisions  in  the  Tunicata.  In  the 
Ascidian  larva)  (cf.  Fig.  208),  the  most  anterior  one,  which  later  on 
forms  the  principal  portion  of  the  body,  contains  the  rudiments  of 
the  respiratory  cavity,  and  the  portion  of  the  nervous  system  which 
contains  the  sensory  organs.  Connected  with  this  is  a  faintly 
separated  tract  with  the  enteric  tube,  and  this  passes  almost  directly 
into  the  caudal  portion.  The  earliest  characters  of  the  embryonic 
head,  or  of  its  equivalent  in  all  Vertebrata,  point  to  its  being, 
phylogenetically,  the  most  ancient  portion  of  the  body,  and  servo  as 
a  finger-post  to  the  path  of  development  of  the  Vertebrate  body. 

With  the  development  of  the  liead  and  of  the  organs  differen- 
tiated in  and  on  it,  the  body  of  the  Vertebrata  acquires  characters, 
which,  externally,  separate  it  well  off  from  the  Invertobrata ;  the 
value  of  these  is  clear  when  we  take  note  of  the  large  number 
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of  mctameros  that  have  been  suppressed  in  tlie  coarse  of  this 
differentiation.  Further  differentiations  are  brought  about  by  the 
development  of  paired  appendages.  The  hinder  ones  in  the  Gna- 
thostomata  separate  the  trunk  and  tail  more  distinctly  from  one 
another,  as  do  the  anterior  ones  in  the  case  of  the  head  and  trunk. 

When  the  anterior  appendages  are  separated  from  the  head,  as 
they  are  even  in  the  Selachii  anaong  the  Fishes,  a  cervical  region 
is  dilFcrentiated  from  the  trunk,  and  connects  it  with  the  head. 
We  meet  with  this  arrangement  in  the  Amphibia,  The  trunk  is 
affected  by  further  differentiations,  and  in  the  Amniota  is  separated 
into  cervical,  thoracic,  and  lumbar  regions. 

The  caudal  portion  of  the  body  undergoes  a  gradual  metamor- 
phosis. In  the  Fishes  it  m  scarcely  marked  off  j  in  the  Amphibia 
(Urodela)  and  Reptilia  (Saiirii,  Crocodilini)  it  is  separated  from  the 
trunk  by  the  hinder  pair  of  appendages,  and  by  its  diminished  bulk. 
Although  it  is  atrophied  in  Birds,  it  is  in  the  Mammals  only  that  it 
acquires  the  character  of  an  appendage  of  the  body,  in  consequence 
of  its  great  decrease  in  bulk,  even  though  it  may  still  be  of  some 
length. 


Appendages* 

§  317. 

We  must  divide  the  appendages  which  are  given  off  from  the 
body  of  the  Vortehrata,  and  which  function  principally  as  locomotor 
organs,  into  paired  and  unpaired  parts.  The  unpaired  ones  are 
developed  from  a  vertical  membrane — a  continuation  of  the  integu- 
ment— wliich  extends  from  the  head  to  the  anus.  When  firm 
structures  and  special  muscles  are  developed  in  this  membrane,  this 
purely  dermal  process  is  converted  into  a  fi  n.  This  organ  either  retains 

its   primitive   continuity 
^  of  arrangement  (Fig.  2 1 4, 

4),  or  by  the  atrophy  of 
some,  and  by  the  in- 
creased development  of 
the  remaining  portions, 
is  broken  up  into  several 
parts.  These  are  dis- 
tinguished according  to 
their  position  as  dorsal, 
eaudal,  and  anal  fins 
(Fig.2li,Bdca).  They 
function  chiefly  as  direct- 
ing organs;  the  caudal 
fin  alone  has  any  higher  locomotor  significance  in  so  far  as  the 
caudal  poiiion  of  the  body  plays  an  impoiiant  part  in  locomotion. 
These  organs,  which  are  commonly  found  in  Fishes,  are  also  seen  in 
the  early  stages  of  development  in  the  Amphibia,  in  some  of  which 


Fig.  21 1,     Diagram  of  tlio  Tinpaired  finB,     A  Primi- 
tive Btage.     li  Differentiatpd  si&gG.      <i  Dorsal  Hn 
(<i'  Ffttty  fin),     c  Candal ;    a  Anal;    p  Thoracic j 
V  Yetitral  fins. 
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(many  Urodela)  they  are  indeed  permanently  prosentj  but  supporting 
organs  are  not  developed  in  them. 

In  the  Heptilia  indications  of  the  vertlcsal  dermal  fringe  can 
8ometiinD3  be  jnst  made  out,  but  ia  most  it  is  altogether  absent,  as 
it  ia  also  in  the  higher  classes ;  the  vertical  fin-like  structures  seen, 
in  many  of  the  Cetacea  must  bo  regarded  as  organs  which  have  been 
acquired  by  that  order  independently.  The  same  remark  applies  to 
the  horizontal  caudal  fin  of  these  Mammals. 


§  318. 

Unlike  the  aiTangement  Been  in  many  divisions  of  the  Inverte- 
brata,  where  paired  appendages  are  found  on  all,  or  at  least  on  a 
large  number  of  metamores,  they  are — andj  so  far  as  we  knoWj  witli- 
ont  one  excoption-^confiued  to  an  anterior  and  a  posterior  pair  in 
the  Vertebrata. 

They  appear  to  be  homodynamous  organs,  which  gradually  get 
to  vary  greatly  in  form  in  correlation  with  their  great  variety  of 
function.  They  are  probably  derived  from  metamorphosed  respira- 
tory appendages  of  the  head  (branchial  arches  and  rays),  so  that 
they  are  not  absolutely  new  arrangements. 

They  are  absent  in  the  Acrania  and  Cyclostomata,  but  are 
generally  present  in  the  Gnathostomata,  Althongh  in  some  divisions 
of  these  latter  the  appendages  are  atrophiedj  this  atrophy  is  in  every 
case  a  secondary  arrangement,  which  presupposes  the  fully-developed 
condition.  This  is  proved  by  the  various  stages  of  atrophy^  which  may 
be  seen  in  the  appendages  and  in  the  parts  of  which  they  are  composed. 

In  the  lower  condition  seen  in  Fishes  the  appendages  appear  each 
to  form  a  single  wholOj  undivided  by  external  jointing  into  a  number 
of  parts^  while  their  increased  surface  is  of  importance  as  bearing  on 
the  directing  function  of  the  organ.  The  anterior  and  posterior 
appendages,  which  are  here  known  as  thoracic  and  ventral  fiuSj 
have  esBentiaUy  the  same  structure^  although  the  thoracic  fins  are^ 
as  a  rule,  much  larger,  in  consequence  of  their  position  in  the  larger 
part  of  the  body.  Their  more  powerful  structure  may  be  also  ex- 
plained by  the  fact  that  they  take  the  initiative^  and  are  consequently 
of  greater  functional  importance  than  the  hinder  appendages. 

Owing  to  their  similar  mode  of  aquatic  progression  the  ap- 
pendages of  the  fossil  Enaliosaurii,  as  shown  by  the  remains  of  their 
skeletons,  resembled  the  fins  of  Fishes^ — at  any  rate  in  the  absence 
of  any  transverse  segmentation. 

Among  the  Amphibia  we  find  the  appendages  transversely  seg- 
mentedj  for  now  several  parts  are  sharply  marked  off  from  one 
another.  In  the  fore-hmb  we  divide  these  into  upper  arm^  forearm^ 
and  hand ;  to  which  the  thigh,  leg,  and  foot  correspond  in  the  hind- 
liinb.  This  division  ia  correlated  with  the  greater  elongation  of  the 
two  first  segments,  which  stand,  in  relation  to  one  another,  as  the 
arms  of  a  lever,  and  are  therefore  set  at  an  angle  to  one  another. 

In  addition  to  the  differentiation  herein  implied,  the  terminal 
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divisioTi  undergoes  differentiation;  a  number^  generally  not  more 
tlmn  fiyCj  terniioal  joints  can  be  distinguislied  as  fingers  and  toes, 
Aa  a  part  of  tlie  body  wliicb  generally  projects  t^nvards  the  exterior 
is  more  under  modifying  influences  tlian  any  other  part,  we  find  a 
large  number  of  adaptations  in  them  \  few  parts  of  the  body  present 
BO  many  metamorphoses  qb  these  terminal  parts  of  the  appendages — 
the  band  and  foot. 

The  primitive  union  of  the  fingers  or  of  the  toes  into  a  fiwira- 
miug-pbite,  represented  by  the  hand  and  foot,  is  retained  in  the 
natatory  membrane  of  many  Reptiles,  iu  the  hind-limbs  of  many 
Birds,  and  also  in  a  number  of  Mamnmlsj  where  it  is  always  con- 
nected with  the  adaptation  of  these  appendages  to  the  function  of  a 

swimming  organ, 
^  Th e  angulation  of  the  limb  at- 

tain edtOjin  connection  with  terres- 
trial locomotion  J  and  which  is  also 
advantageous  in  aquatic  locomo- 
tion, becomes  gradually  different 
in  the  case  of  the  two  extremities; 
the  difference  corresponds  to  the 
functions  performed  by  the  an- 
terior and  posterior  extremities 
when  moving  about  on  land. 

These  relations  are  distinctly 
seen  even  in  the  Amphibia  (B) ; 
but  the  difference  in  position 
between  the  upper  and  forearm, 
and  thigh  and  leg,  is  not  well 
marked.  The  upper  arm  and 
thigh  are  turned  ontwards  to 
almost  the  same  extent.  There 
is  a  gi^eater  difference  between 
them  in  the  Re pt ilia  (0),  and  this 
is  still  more  marked  in  the  Mam- 
malia, where  the  planes  in  which 
the  angles  of  the  limbs  of  either 
side  are  set  are  parallel  to  the 
vertical  median  plane  of  the 
body.  This  gives  greater  indc- 
peudence  to  the  limbs,  which 
have  now  become  supports  for 
the  body,  as  they  raise  it  up 
from  the  ground.  Together  with 
this  change  in  the  aspect  of  the 
planes,  in  which  the  angle  formed  by  the  extremity  lies,  the  angles 
between  the  equivalent  portions  in  each  limb  in  the  Mammalia 
cease  altogether  to  agree  with  one  another  (D)  ;  in  fact  they  ]xoint 
in  an  opposite  direction  in  the  ca.^e  of  the  fore  and  hind  limbs 
respectively.     The  angle  between  the  upper  and  forearm  is  open 


Pig.  215.  Diagram  to  show  the  cliff oren- 
tiiition  ond  alteration  io  the  direction  of 
the  oxeH  of  the  litnbs  in  llio  Yertebrata, 
ji  F  i  8  h.  Ji  A  m  p  h  i  b  i  a  n  (the  &itle •  view, 
whirb  ono  has  been  obliged  to  give  so  aa 
to  compnre  it  with  the  i-est,  give;*  to  this 
ttnd  to  thp  next  Bgoro  the  app^'arance  tf 
the  bod  J  being  raised  np).  C  Reptile. 
J}MamniiaL  a  Shonlder  girdle,  ji  Pelvic 
girdle. 
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towards  tlie  anterior,  and  tliat  between  the  thigli  and  leg  towards 
the  posterior. 

In  addition  to  these  general  modifications  of  tHe  appendages 
there  are  otlier  eliangcsj  wliicb  aru  roiifint'd  to  smaller  divisions,  and 
are  explicable  by  special  variations  in  pliys^iological  activity,  "Wlien 
the  bind-limbs  are  greatly  developed,  they  perform  the  more  com- 
plicated function  of  a  springing  organ,  as  in  frogs;  or  they  may  be 
converted  into  the  chief  organs  of  snpport  for  the  body,  in  such  a 
way  that  the  fore-limbs,  so  far  at  least  as  terrestrial  locomotion  m 
concerned,  may  get  to  play  a  subordinate  part,  or  even  lose  this 
function  altogether.  This  arrangement  obtains  in  Birds,  where  it 
has  been  attained  to  tlirongb  a  large  number  of  intermediate  steps, 
which  have  been  made  out  in  fossil  Reptiles ;  the  fore-limbs  in  the 
Carinatte  have  taken  on  the  function  of  a  flying  organ. 
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Integument. 
§  319. 

In  the  primitive  stage  in  the  Vertebrata  the  investment  of 
the  body  has  the  character  of  a  cellular  layer,  the  external 
germinal  layer^ — the  ectoderm.  At  a  further  Btage  in  develop- 
ment this  cellular  layer  is  connected  with  a  layer  of  connective 
tissue  derived  from  the  mesoderm,  and  the  two  together  form  the  in- 
tegument of  the  Vertebrata,  and  take  an  equal  share  in  the  formation 
and  further  development  of  various  organs. 

There  are  two  layers  in  this  integument  (cutis),  as  might  be 
inferred  from  its  mode  of  origin  :  a  superficial  epidermis  which  is 
homologous  w^ith  the  epithelial  structures  in  the  Inyertebrata,  and 
which  is  dh'ectly  derived  from  the  ectoderm,  and  a  deeper-lying 
layer  of  connective  tissue,  the  corium,  the  deepest,  and  looser, 
layer  of  which  forms  the  sub -integumentary  tissue.  The  corium  is 
strengthened  by  the  formation  of  plexuses  between  its  fibrous  bands*. 
The  blood-vessels,  and  nerves  of  the  skin,  together  with  various 
sensory  organs,  are  scattered  in  it,  as  are  also  glandular  organs. 

The  corium  is  frequently  pigmented.  It  varies  greatly  in 
thickness,  and  in  microscopic  structure.  One  of  the  more  notable 
variations  is  a  lamellar  striation  seen  in  Fishes,  Amphibia,  and 
Eep tiles,  where  perpendicular  fibrous  bands  divide  the  layers  into 
partitions.  Among  the  special  structures  are  the  wart-like  elevations 
seexi  on  its  surface,  which  vary  from  low  hillocks  to  long  conical 
processes.  These  dermal  papilke  give  rise,  in  different  divisions 
of  the  Vertebrata,  to  a  number  of  variously  complicated  organs. 

Contractile  form-elements  (smooth  muscular  fibres)  are  also 
found  in  the  corium  of  Birds  and  Mammals.  Another  modification, 
which  obtains  in  the  cutis,  is  due  to  a  change  in  texture ;  parts  of 
it  are  ossified  into  bard  structures^  and  bony  plates  are  developed  in 
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the  dermiBj  whicli  vary  greatly  in  form,  and  unite  to  form  a  dermal 
skeleton.  Lastly,  thero  are  glandular  organs  connected  with  the 
cuti^j  which  arc  developed  from  the  epidermis^  and  are  therefore  to 
be  regarded  as  epidermal  organB. 


§  320. 

In  Aniphioxns  the  epidermis  is  a  single  layer;  in  other  forms 
it  is  made  np  of  a  number  of  layers  of  cells,  wliich  invest  the 
coriuni,  with  its  elevations  and  depressions.  Even  iu  the  Vertobmta 
we  iind  a  ciliated  epithelium  as  a  heritage  from  a  lower  condition  | 
but  ifc  is  h'mited  to  the  embryonic  stages  in  Fishes,  and  to 
certain  parts  of  the  body  in  the  larval  stages  of  the  Amphibia, 
The  lower  layers  of  the  epidermis,  which  lie  closer  to  the 
corium,  are  seen  to  be  yoimger,  and  those  replace  the  effete 
portions  of  the  superficial  layer><.  The  cells  of  the  epidermis  vary 
greatly  in  consistency,  form,  and  mode  of  connection.  Pigmented 
cells  are  not  nnfi^equently  found  between  the  rest.  They  are  some- 
times able  to  produce  a  change  of  colour  by  the  movement  of  their 
protoplasm  (chromatophores)  ;  this  has  been  observed  in  Fishes  and 
Amphibia,  In  the  aquatic  Auamnia  the  whole  of  the  epidermis  is 
less  consistent,  and,  owing  to  the  softness  of  its  elements,  the  whole 
layer  is  often  gelatinous ;  so  much  so,  indeed,  that  it  was  for  a  long 
time  considered  to  be  a  mucous  layer  secreted  by  glands. 

There  is  another  arrangement  which  forms  a  contrast  to  the  con- 
dition of  the  epidennis  in  the  Anamnia  ;  this  is  brought  about  by  the 
cornification  of  the  cells  which  is  first  seen  in  the  Amphibia,  and 
is  commonly  found  in  the  Amuiota,  The  cells  form  resisting  plates 
or  fibres,  which  give  rise  to  firm  structures  becoming  overlapped 
by,  and  being  more  or  less  marked  off  from,  one  another.  The 
process  of  cornification  never  affects  any  but  the  superficial  layers, 
the  deeper-lying  parts  Vjoing  always  indifferent,  When  the  cornified 
layers  increase  iu  thickness,  various  kinds  of  plates,  knobs,  and 
scale-like  Btriictures  (Reptilia)  are  developed.  The  corinm  takes 
part  in  the  formation  of  these  structures,  for  it  is  almost  always 
provided  with  elevations  which  correspond  to  those  epidermal 
formations,  which  are  developed  from  enlarged  papilloD.  The  scales 
of  the  Saurii  and  Ophidii  are  therefore  processes  of  the  whole  cutis. 
In  Birds  this  cornified  covering  is  retained  in  some  parts  only  of 
the  body ;  as  beaks  on  the  jaws,  and  as  scales,  plates,  knobs,  and  so 
on,  on  the  feet.  Larger  homy  plates  are  connected  with  a  bony 
dermal  skeleton  in  the  Chelouii,  and  in  some  families  of  the 
Edentata  among  Mammals,  The  cornification  of  the  epidermis, 
which  obtains  in  some  divisions  or  in  still  smaller  groups,  cannot  be 
directly  referred  to  the  organisation  of  the  Reptilia ;  it  is  rather  due 
to  adaptations  to  definite  external  conditions.  However,  we  do  meet 
with  horny  epidermal  structures  in  many  parts  of  the  body,  which 
must  be  regarded  as  acquired  arrangements  in  consequence  of  their 
wide  distribution  and  constancy  of  character.     These  are  the  nails 
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and  claws  found  at  the  ends  of  the  limbs.  There  are  indications  of 
these  in  the  Amphibia  themselves  (Salamander) ;  they  are  generally 
present  in  Reptiles  and  Birds ;  nails  of  this  kind  are  not  unfrequently 
retained  even  on  some  of  the  fingers  of  the  bird's  hand,  which  is 
used  as  an  organ  of  flight.  They  are  much  larger  in  many  Mammals, 
where  they  form  hoofs. 


Epidermal    Structures. 

§  321. 

Other  differentiations  beside  the  cornified  structures  already- 
mentioned  affect  the  epidermis.  The  most  important  of  these  are 
feathers  and  hairs;  and  that  on  account  of  their  distribution  in 
the  two  higher  classes  of  the  Vertebrata,  and  of  their  peculiar 
appearance.  It  is  usual  to  regard 
them  as  organs  very  closely  allied, 
as  they  have  many  points  in  com- 
mon. They  seem,  nevertheless,  to  be 
divergent  structures.  The  earliest 
rudiment  either  of  a  feather 
or  of  a  hair  is  a  thickening  of 
the  epidermis;  that  is  to  say, 
it  forms  a  knob-like  thicken- 
ing (Fig.  216,  A),  into  which 
there  grows  a  papilla  from  the 
cutis.  This  process  is  small  in  the 
case  of  the  hair,  but  larger  in  that 
of  the  feather.  They  resemble 
those  elevations  which  are  found 
in  the  Reptilia.  The  first  sign  of 
the  feather  is  the  growth  of  the 
knobs  into  papilliform  processes 
{B  G,  feather  processes),  which  are 
made  up  of  an  outer  epidermal 
layer  (G  e),  and  a  subjacent  papilla. 
The  arrangement  also  of  these  first 
rudiments  of  the  feathers  in  de- 
finite areas  (feather-tracts,  pterylia) 
is  much  the  same  as  that  of  the 
scales    in   Reptiles.     The   feather, 

therefore,  is,  in  this  simple  condition,  a  mere  process  of  the  epidermis 
and  subjacent  cutis.  The  depression  of  the  embryonic  feather  which 
carries  the  cuticular  papilla,  and  the  consequent  formation  of  a 
"feather  follicle,*'  is  a  later  phoBnomenon,  as  is  also  the  differentia- 
tion of  the  feather  into  rachis  and  vexillum.  This  differentiation 
does  not  obtain  until  the  feather  sheath  is  protruded,  which  sheath 
is  itself  an  epidermal  layer  derived  from  the   earliest  rudiment. 

2  £  2 


Fig.  216.  Diagrrams  of  the  earliesfc 
rudiments  of  feather  and  hair.  In 
section.  A  Thickening  of  the  epider- 
mis.  B  Uprising  of  a  papilla.  C  Pro- 
cess  ot  the  feather.  JD  Depression  of 
the  epidermis.  E  Differentiation  of 
the  rudiment  of  the  hair.  F  Hair, 
follicle  and  hair,  e  Epidermis,  p  Hair. 
!>'  Root  of  the  hair,  ws  Root-sheath. 
g  Sebaceous  glands.  The  corium  is 
represented  bj  the  dark  lines. 


120 


COrPAEATIVE  A^ATOl^n^. 


Various  changes  affect  the  morphological  characters  of  the  feather, 
after  the  clov<?lopnient  of  its  shaft  and  voxillutn ;  but  these  are 
beyond  the  scope  of  tins  book. 

A  follicle  is  nut  formed  till  KoiiifwluLt  late  in  tlie  course  of  the 
dovelopment  of  the  feather  ;  it  then  contains  that  portion  of  the 
rnchis  which  is  known  as  the  'Squill/'  and  the  vascular  papilla  which  is 
continued  into  it;  the  hair,  however^  is  characterised  bj  the  early 
appearance  of  the  fulliclo.  In  this  case  then  the  papilliform  thicken- 
ing of  the  epidermis  is  a  very  early  stage,  and  one  of  short  duration ; 
for  the  hair  Is  not  formed  in  this  first  elevation,  but  in  a  follicle 
which  dips  down  from  the  epidermis  into  the  cutis  (Fig.  216,  D  /?), 
and  at  the  base  of  this  follicle  the  eiil  is-papilla  (Fj  grows  np.  The 
shaft  of  the  hair  (F  wj<)  is  differontifited  fiTjm  the  invagioated  epi- 
dermis by  the  cornificiition  of  its  cells,  while  other  celhilar  parts  of 
the  follicle  form  the  root-sheaths. 

The  various  forms  of  hairs,  whether  woolly  or  contour  hairs,  setce, 
or  spines^  are  merely  modifications  of  one  and  the  same  early 
conditioBt 

§  322. 

The  glands  differentiated  fi*om  the  epidermis  are,  when  simplest, 
modifications  of  single  cells,  the  protoplasm  of  which  is  differentiated 
into  fine  granules^  which  are  passed  out  to  the  exterior.  These 
mucous  cells  (goblet-celLs),  which  are  placed  among  the  other 
epidermal  colls^  ft»rm  unicellular  glands  (Fishes).  They  are  found 
also  in  the  Amphihia,  but  in  them  there  are,  in  addition,  more  com- 
plicated glandular  organs.  These  latter  have  the  form  of  flask- 
Bhaped  tubes,  which  are  scattered  over  the  integument;  several 
forms  of  these  maybe  distinguished*  In  jnauy  cases  they  get  to  be 
very  large,  and  form  knob-like  projections,  which  give  the  integu- 
ment a  roughened  or  wart-like  appeamnce  (Toads,  Salamander). 
Sometimes  n  largo  number  of  integumentary  glands  are  collected 
together,  and  characterise  certain  regions  of  the  body  (parotid). 

The  integumeutary  glands  are  less  widely  distrihuted  in  the 
Reptilia.  lu  the  Saurii  the  so-called  ^'crural  pores''  lead  into 
glands,  which  look  like  compound  tuhes,  and  which  secrete  celU 
which  harik'u  and  fill  up  the  lumen  of  the  glands.  In  Birds  the 
number  of  integumentary  glands  is  still  less,  A  number  of  glands 
unite  to  form  the  anal  glands  (glandula  uropygii),  which  are  especially 
large  in  tlie  Natntores  ;  their  secretion  serves  to  od  the  feathers.  In 
the  Mammalia  they  are  divided  into  two  distinct  groups;  sweat  glands 
and  sebaceous  glands,  which  are  frequently  connected  with  the  hair- 
follicles.  These  two  sets  of  glands  are  more  easily  distinguished  by 
their  anatomical  characters  than  by  the  quality  of  their  secretion, 
which  is  exactly  known  in  a  few  cases  only,  although  indeed  the 
same  fonn  of  gland  may  have  a  different  function  in  different 
regions.  The  simpler  tabes,  which  are  coiled  at  their  ends,  are  called 
sweat-glands,  while  the  sebaceous  glands  are  generally  lobate*  A 
number  of  them  are  often  connected  with  one  hair- follicle,  and  may 
become  so  greatly  developed  iu  relation  to  itj  that  the  hair-foUiel© 
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looks  like  an  appendage  of  the  gland.  Tlio  sebaceous  glands 
undergo  the  moat  various  modifications  in  form,  size,  and  numher, 
as  well  as  in  the  quality  of  their  seeretion.  Both  sets  of  ghmds 
frequently  secrete  odorous  mattei"s  of  various  klnds^  which  play  an 
important  part  in  tho  economy  of  the  animaL  Glands  of  this 
kind  are  developed  in  the  most  diverse  regions  of  the  surface  of  the 
body  in  many  orders  of  the  Mammalia, 


§  323. 

The  most  important  modification  of  the  integu- 
mentary glands  in  all  Mammals  is  tho  development  of 
m  i  1  k  -  s  e  c  r  e  t  i  n  g  g  1  a  n  d  s,  which  enter  into  relation  to  the  rep  rod  u  c- 
tive  function.  They  are  regularly^  and,  as  a  rule,  symmetrically 
arranged  on  the  ventral  surface  of  tho  body.  Each  "  mammary 
gland''  consists  of  a  complex  of  separate  glandular  tubes,  the  JuctiJ 
of  whicli  are  either  quite  separate  or  united  together. 

In  the  ilonotremat^  these  organs  differ  but  little  from  the  other 
kinds  of  integumeotiiry  glands.  Each  of  the  two  organs  here 
present  is  made  up  of  a 
group  of  tubes,  which 
pass  separately  through 
the  skin,  Tho  area  on 
which  they  op  en  is  merely 
disHnguished  by  the  ab- 
sence of  hairs,  and  in 
Omithorhynchua  is  on 
the  same  level  as  the 
suiTOunding  integument. 
In  Echidna  it  is  placed 
inapouch-like  depression 
(mammary  pouch),  which 
appears  to  serve  as  a  re- 
ceptacle for  the  young. 

In  tho  rest  of  the 
Mammalia  nipples  are 
present;  these  are  special 
arrangements  which  were 
gi*adually  developed  by 
the  process  of  sucking, 
and  which  afford  the 
young  a  more  suitable 
connection  with  the  mam- 
mary apparatus,  while  at 
the  same  time  they  make 
each  complex  of  milk*glands  distinguishable  externally. 

There  are  two  rery  different  conditions  of  the  perfected 
nipple.  They  are  both  preceded  by  a  similarly  indifferent  stage 
(Fig.  217j  A) J  in  which  a  nearly  flat  glandular  area  (/>)  has  a  number 


Fig,  217.  Diagraoi  of  the  development  of  tlio 
nifpplx? ;  vertical  eection.  A  Indifferent  etage; 
glafidolar  areo  flat.  B  Elevation  of  the  glandular 
area  with  the  nipple.  C  Elevation  of  the  ptri- 
plieiy  of  the  glandular  area  into  the  pscodo- 
nipplo.  a  Pcripherj  of  the  glflndulivr  area,  h  Glan- 
dular area,     jjl  Glands, 
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of  glands  at  its  base  whicli  gi*ow  into  tlio  corium;  this  area  is 
marked  off  from  the  sorroimding  integument  by  a  circular  elevation 
(a).  This  arrangement  con'esponds  to  tlie  mammary  pouch  iii 
Echidna.  In  most  of  the  Mammalia  this  arrangement  is  not  a  per- 
manent one  J  it  soon  becomes  level  again^  and  the  glandular  area  has 
then  its  centnd  part  (B),  in  which  the  glands  open,  raised  np  into  a 
papilla  or  nipple;  at  the  tip  of  which  a  number  of  gland-ducts 
always  open. 

In  the  other  arrangement  the  mammEiry  pouch  is  persistent. 
Owing  to  the  continued  elevation  of  the  pei'iphery  of  the  gland  (a)  the 
glandular  area  is  more  and  more  depressed,  the  edge  of  the  mammary 
pouch  is  developed  into  a  pseudo-nipple,  from  the  tip  of  wiiicb  a 
single  canal  passes  to  the  glandular  area  {(!). 

Thia  arrangement  has  been  observed  in  some  of  the  Ungulata. 
Intermediate  stages  between  the  two  arningemcnts  can  be  made  out 
in  the  Marsupialia  (Halmatui'us)  and  Roclentia  {Murxna).  The  number 
of  mammary  glands  which  are  distinguished  by  their  nipples 
varies  in  different  divisions.  They  generally  correspond  to  the 
average  number,  or  to  the  maximum  im tuber  of  young  produced  at 
one  birth.  They  vary  even  within  the  limits  of  the  same  order ;  and 
they  also  vary  in  position.  As  a  rule  they  form  two  rows,  which, 
when  there  is  a  large  number  present,  es:tend  from  the  inguinal  to 
the  pectoral  region  (Carnivora,  Snina).  In  many  of  the  Didelphia 
they  are  arranged  in  a  circle  on  the  abdomen,  VJTien  the  number 
is  not  80  large,  they  either  occupy  an  abdominal  position,  as  in  many 
Didelphia,  or  they  are  only  found  in  the  lumbar  region  (Perisso- 
dactyla.  Ruminant ia,  Cetacea),  or,  fiimUy,  they  are  limited  to  the 
pectoral  region  (Elephant,  Sirenia,  many  Prosimii,  Chiroptcra,  and 
Primates).  When  more  than  one  pair  is  present  some  ghinds  are 
sometimes  aborted,  so  that  there  are  rudimentary  organs  present, 
together  with  weM-developed  and  functionally  active  ones;  and 
these  may  bo  recognised  by  their  rudimentary  nipples.  In  a 
similar  way  the  whole  apparatus  iw  atrophied  in  tlie  male. 

The  most  important  adaptation  of  the  integument  to  the  function 
performed  by  the  mammary  glands,  is  the  formation  of  the  folda 
of  integument  found  in  the  Marsupialia ;  these  form  a  sac,  the 
niarsnpium,  which  encloses  the  mammiferous  region  of  the  ab* 
domen.  The  extent  of  its  development  appears  to  vary  inversely 
with  the  extent  to  which  the  young  are  developed  at  birth. 


Dermal   Skeleton, 

§  324. 

The  function  of  the  integument  as  a  defensive  organ  for  the 
body  is  increased  in  value  by  the  formation  of  hard  structures. 
When  these  parts  are  of  some  size  they  give  rise  to  a  dermal 
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skeleton.     In  many  cases  we  know  but  little  as  to  tlio  deyolepment 
of  these  structures,  but  they  may  all  be  reckoned  among  osseous 


Fig.  318.     Vertical  section  through  tlie  «kin  of  »m  E  m  L r y  utac  S b  a r k.     C  Conum . 

c,  c,  C  LayoTB  of  the  coriutn.     d  Uppormofffc  layer,    p  Papilla.    £  Bpidermia,     e  Its 

lajor  of  columnar  oeUs,    o  £namel  lajor. 
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formations,  to  which  indeed  they   completely  correspond  in  the 
higher  divisions. 

The  dermal  denticles  (placoid  scales),  which  are  distri- 
buted over  the  whole  of  the  in- 
tegument in  the  Selachii,  may  be 
regarded  as  the  structures  from 
which  the  various  forms  have 
been  derived*  In  them  wo  distin- 
guish a  basis^  which  is  inserted  into 
the  corium,  and  is  ordinarily  rhom- 
boidal  in  shape^  and  a  portion,  which 
Rtaiids  out  from  it^  and  which  ordinarily 
has  its  apex  directed  obliquely.  Tliis 
is  covered  over  by  the  epidermis.  In 
some  parts^  as,  for  example^  on  the  head, 
they  often  have  a  bombous  surface, 
and  are  set  irregularly  j  while  on  the 
trunk  they  are  generally  set  in  per- 
fectly regular  and  obliquely  running 
rows  (Fig»219).  They  are  developed 
on  papillse  of  the  corium  (Fig. 218, 
p),  which  are  covered  over  by  a 
layer  developed  from  the  epider- 
mis: this  secretes  an  enamel-like 
substance  on  the  projecting  por- 
tion of  the  papilla,  while  the  body 
of  the  papilla  is  ossified  from  the 
tip  downwards.  The  epidermis  and  corium,  therefore,  both  share 
in  the  formation  of  these  structureB.     There  is  a  central  cavity  in  the 


Fig.    2Vj.      1 '  nnal    deniioles    of 

ContropboruH  calcoas  (a  Httlo 

magoificd). 
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papillH,  wlionco  fino  briinched  canaln  radiate  out  to  tlio  Hurfacc. 
Tho  ])huuntl  Hcalo  Iioh  therefore}  the  Htructure  of  deiitino,  in  covered 
by  enamcjl,  and  in  cxiiitinuetl  at  itH  baH(5  into  a  \)\iiUs  formed  of 
OHMOouH  tiHHUo ;  tiH  tliijy  ag-ree  with  te(?th  in  Htructure  they  inay  bo 
BDokeii  of  iiH  dcjrmal  denticloH.  In  the  IlayH  the»e  Htructure.s  have 
altogethcfr  diHapiMJarwl  (Klectric  Kay),  or  are  replaced  by  larger 
HtructuroH,  which  are  groupc^l  tr^gcther  in  the  form  of  Hmmm  or 
larger  bony  teeth;  or  are  Bcpanito  from  one  another  (Spiny  llayH). 

The  dermal  denticlen  of  the  Shark  are  very  generally  converted 
into  larger  bony  platcH  in  the  (ianoYdei ;  in  the  Ilhombifera  they 
have  not  only  the  wime  armngement  on  the  lK>dy,  but  have  e.s»en- 
tially  the  Hame  minute  Htructure.  In  the  Sturionen  larffor  bony  platoH 
alternai(j  with  nmallcr  onen.  'Ilioy  gcjnerally  retain  exactly  the 
rhomb-form,  which  in  lont  in  tlu;  rent  of  the  flanotdei  (the  Cyclifera). 
The  common  flat  aiul  thin  HcaloH  of  the  Teleontei  follow  on  here. 
They  appear  to  differ  in  many  pointn  from  the  ganoid  HcalcH,  and  rc- 
prenent  an  ofpHhoot  from  tho  tyiH%  which  obtainH  in  the  (lanoYdei,  and 
which  may  be  dtjrived  from  the  Sehwliii ;  tliiH  offnlioot  iH  characteriHcd 
by  itH  variety  of  form. 

In  many  TeleoHtei  tho  HCtiUtH  undergo  complete  degeneration. 
On  the  other  hand  they  give  rine  U)  partn  which  differ  Homewhat 
from  H»ileM,  and  which  are  formed  by  the  f union  of  tho  dermal 
dentichm ;  hucIi  are  the  platen  and  Hpinen  of  tho  Plcct^>gnathi,  where 
the  ])lai(*H  may  become  more  firmly  united  togetlior  and  form  a 
connected  carapace  (OHinui'um,  Ijriphobranchii). 

PartH  which  are  likewino  formed  from  the  concroHconce  of  dermal 
denti(!leH  arc  found  in  the  integument  which  covern  the  apnendagCH 
of  the  (lanordcfi  and  TclcoKtiJi.  To  (jompennato  for  the  atrophy  of  the 
internal  nr  primarv  Hk(*l(;ton  of  the  limbH,  tliOHO  bony  platen  form  a 
number  of  niyK|  whiidi  often  bmnch  dichotomounly  at  their  endn,  and 
unite  to  form  an  organ  of  HUpport  for  the  finH  (neamdary  nkeleton  of 
the  iln).  The  ray  which  occupioH  the  anterior  edge  of  the  fin  w 
fr(j(pi(;ntlv  maHnivo,  or  given  rine  to  a  ntrong  npiny  my,  which  may  be 
conn(!ct(jd  with  Ukj  intcjrnal  nkeletim.  Thin  ray  may  not  only  be 
largcjr  than  the  rent  of  the  rayn,  but  it  may  even,  aa  in  certain 
Siluroidn,  n^prenent  the  whole  of  the  pectoral  fin. 

HiCRTWin,  ().,  UolMir  d.  Hnti  u.  di«  Eiiiw.  dor  PlaooYdnoliiipiMii  u.  dor  ZAhno  dcr 
Holiushlifr.  Jon.  ZoItNchr.  Hd.  Vllf.— Tho  wiiiks  Uobcr  (Uh  llAtiiikolot  dor 
FiNcho.    Monih.Jahrl).  II. 

The  onnificationn  of  the  integument  are  of  Hpocial  importance  in 
thone  njgionn  of  the  body  whenj  partn  of  th(j  internal  nkeleton  come 
to  the  Hurface,  TIhjho  onnificationn  are  developed  in  juHt  tho  same 
Wav  an  the  bony  platen  on  other  n^gionn  of  the  nurfaco  of  tho  body, 
and  nuiv  likcjwine  bo  deriv(^d  from  tlie  indifferent  Htago  reprenontod 
by  the  dermal  denticlcH.  Although  tho  various  kindn  of  dermal  bones 
wliich  are  found  on  the  trunk  have  an  importance  which  in  limited  to 
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the  fisho;siy  tlioro  aro  othora  which  aro  of  moro  importance;  thcso 
arc  tho  lx>uy  platt>8  which  aro  definitely  arranginV,  and  i\nistantly 

E resent,  on  the  head,  when^  they  form  the  earliest  rudiments  of  tho 
ony  skull,  or,  at  first,  of  the  rtn^f  of  the  skull  (cf.  Fij?.  220),  These 
dermal  bones  aro  inherited  bv  all  Vertebrata  that  are  pro« 
vided  with  a  bony  skull,  antl  are  connected  with  other 
ossifications,  which  do  not  appear  till  later,  in  the  carti- 
lagiuous  skull.  This  arrangement  is  first  seen  in  the  Sturiones, 
There  are  a  number  of  smaller  Ixmy 

t)lates  in  addition  to  the  large  ones, 
>ut  most  of  these  have  no  general  sig- 
nificance. On  account  of  these  Hala- 
tions to  the  internal  skeleton,  their 
moro  siHH*ial  characters  will  Ih>  ex- 
]Hmnded  when  wo  come  to  trt^at  of  it. 
Other  skeletal  jwrts  bt^sides  the  bi>ni*s 
of  the  skull  an*  derived  fnnn  i^ssifica* 
tions  of  tho  integument ;  the  clavicle, 
for  example,  has  a  similar  origin. 

Lastly,  there  is  another  category  of 
bimes  which  an^  likewise  derivwl  friMu 
placoid  si*ales;  the  bones  aronnd 
the  mouth  have  been  n^cognised 
as  having  their  origin  in  tooth-bear- 
ing plates  derived  from  fused 
placoid  scales. 

§  820. 

We  meet  with  dermal  bones  in  tho 
liigher  classes ;  in  the  Amphibia,  and 
also  in  the  fossil  Archegosaurii,  in 
which  there  were  dermal  bones  in  the 
form  of  scutiform  plates.  We  find 
only  scattennl  dermal  bones  in  a  ru- 
dimentary form  in  extant  Amphibia. 
In  UenUo[)hrys  there  is  an  ossihhis 
shield  in  the  skin  of  the  back;  in 
lirachyceplialus  there  aro  three  which 
are  nniteil  to  several  vertebno.  The  bony  scales  which  are  nn^tty 
gi^nerally  found  in  tho  Cwcilia^  and  which  two  set  in  pouch-snaped 
depn^ssions,  do  not  apparently  belong  to  this  set  of  struct  uivs. 

They  aro  more  common  in  tho  Ueptilia,  wliich  so  far  ap[m>ach 
the  old  Amphibian  phylum.  In  the  fossil  Teleosaurii,  as  in  the  living 
Cn>codilini,  then>  aro  dermal  bones  distributinl  t>vor  the  whole 
integument,  which  form  a  kind  of  carapace;  in  the  Sciucoidea  wo 
gi^nerally  nun^t  with  interlocking  bony  platens  in  the  integument. 
Similar  kinds  of  dermal  ossifications  in  tho  Chelonii  form  a  special , 
though  well-developed  form  of,  dermal  skeleton,  in  conseipience 


ITiK*  -^^>  IUhiiI  of  AoiptMiHor 
nturio;  mHMi  ttxmx  nluiT^,  t<>»how 
tho  (»iitM>us  plato«  c«>vorinff  tho 
onrtilfiginous  cmiuum,  vrhich  it 
nhiulcnl  (lurk. 
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of  their  coancction  with  tho  internal  skeletal  parts*  They  not  only 
form  a  dorsal  sbield  on  the  dorsal  surface,  hut  a  ventral  one  on 
the  ventral  sni'faee  (plastron).  In  the  dorsal  shield  we  can  make 
out  a  median  row  of  bones^  which  are  fused  with  tho  spines  of  the 
vertebrm,  and  project  from  them*  At  the  sides  there  are  largei' 
plates,  which  are  fused  w^ith  rib-hke  processeSj  and  in  addition  to 
these  there  ai-e  special  marginiil  plates  aronnd  tho  edge  of  the 
shield.  These  are  wanting  in  Trionyx.  Four  paired  pieces  and  one 
unpaired  piece  can  be  made  out^  as  a  rule,  in  the  plastron.  All  of 
these  parts  are  variously  developed  in  different  families  of  the 
Chelonii, 

Al though  the  dermal  bones  of  the  Reptiiia  may  probably  he 
rightly  regarded  as  derived  from  the  bony  carapace  of  Fishes,  we 
must  regard  the  ossifications  whicli  are  found  in  the  Edentata  as 
independent  arrangements,  Tvhich  have  had  their  origin  in  fresh 
adaptive  modifications. 


Internal  Skeleton. 

§  327. 

The  internal  skeleton  is  of  greater  morphological  importance  than 
the  skoletEd  structures  formed  from  the  integument ;  it  is  connected, 
on  the  one  hand,  w4th  arrangements  which  are  found  in  the  Inver- 

tebrata,  and  on  the  others  and  by  a  long 
series  of  very  vai^ied  arrangements,  it  can 
be  followed  out  through  ail  divisions  of 
the  Vertebrata. 

At  first  the  internal  skeleton  has  the 
form  of  a  rod-like  structure  which  tra- 
verses the  whole  length  of  the  body,  and 
isj  when  simplest,  made  up  of  indifferent 
colls,  and  surrounded  by  a  cuticular 
structure  which  is  formed  from  a  secre- 
tion of  these  cells.  This  primitive  organ 
of  support  is  the  chorda  dorsal  is  or 
notochord ;  we  have  already  met  w^ith  it 
in  the  Tiinicata  (cf*  J303),  The  invest- 
ment formed  by  it  is  the  chord  a  1 
sheath  (c.s)» 

The  earliest  rudiment  of  the  noto- 
chord is  placed  just  below  the  central 
nervous  system;  it  has  not  always  the 
same  relations  to  the  germ -layers,  al- 
though it  must  be  derived  cither  directly 
or  indirectly  from  the  mesoderm.  The  compact,  and,  in  all  cases, 
primitively  unjointed  condition  of  the  notochord  speaks  to  its  having 
been  inherited  from  an  unjointed  condition  of  the  orgauismj  and  this 
is  what  might  be  supposed  from  its  early  appearance  in  the  embryo. 


1  !-,-  ^-i  .i,  .  llUoh  thiongli 
tho  vertebral  colunm  of  Am- 
mo€oetcs.  Ch  Chorda.  cs 
Chordal  Bheath.  m  Epintd 
cbord.     a  Aorta,     i^  Veins. 
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The  notochord  has  always  tlie  same  topograpliical  relations  to 
the  most  important  of  the  other  orgaas.  Above  it,  is  the  central 
nervous  system,  and  below  it,  the  respiratory  and  nutrient  ap]iaratns. 
Processes  are  given  olf  from  the  connective  tissue  Burrounding  the 
chord  which  enclose  the  so-called  dorsal  and  ventral  cnvities ;  theso 
processes  pass  into  the  musculature  of  the  body,  which  is  thereby 
broken  up  into  a  number  of  segments,  set  one  behind  the  other. 
In  Amphioxus  these  segments  are  so  far  asymmetrical  that  they 
arc  found  altcruatelj  on  either  side. 

The  low  condition  of  the  axial  skeletonj  which  is  represented 
by  the  chord,  is  permanent  in  the  Leptocardii,  where  it  merely 
presents  special  histological  modifications.  In  all  the  rest  of  the 
Vertebrata  the  chord  is  the  solo  axial  skeleton 
in  the  earliest  stages  of  development  only; 
now  differentiations  appearj  and  it  becomes 
of  less  physiological  importance.  These  differ- 
entiations aSect  the  notochord  as  well  as  the 
tissue  wliich  suiTounds  it,  and  which  has  been 
called  the  ^'skeletogenons  layer''  or  "skele- 
togenous  tissue/^  on  acconntof  its  relations 
to  the  future  skeleton.  The  cells  of  the 
chord  form  a  tissue  resembling  cartilage,  and 
the  sheath  becomes  a  more  independent  por- 
tion— ^it  forms  a  supporting  organ — owing  to 
the  thickening  of  its  layers.  Cartilaginous 
tissue  forms  around  the  chord  (Fig.  221,  i  /r), 
and  that  segmentation  of  the  axial  skeleton  into 
separate  segments,  the  so-called  vertebrie, 
ivhich  was  before  merely  indicated,  now  be- 
comes o  brio  us.  This  segmentation  of  the 
axial  skeleton  is  an  expression  of  the 
metamerism  of  the  whole  body;  a  series 
of  these  vertebrae  make  up  the  vertebral 
column.  In  each  vertebra  we  call  that  por- 
tion which  surrounds  the  notochord  the  cent- 
rum, and  the  outgrowing  portions  which  enclose  the  dorsal  and  ventral 
cavities  of  the  body,  and  which  are  given  off  directly  or  indii-cctly 
from  the  centrum,  the  arches*  These  again  are  distinguished  as 
upper  or  lower  arches^  according  to  their  relations  to  these  two 
cavities. 

As  the  axial  skeleton  becomes  segmented,  a  well-defined  portion 
in  tbe  most  anterior  segment  forma  the  primitive  Cranium  in  the 
Craniota. 

An  inferior  system  of  arches,  which  encloses  the  most  anterior 
portion  of  the  intestinal  tract,  whicli  functions  as  a  respiratory  organ, 
is  distinguished  as  the  branchial  or  visceral  skeleton.  The 
cranium  and  visceral  skeleton  make  up  the  mobt  anterior  portion  of 
the  whole  skeleton — the  skeleton  of  the  head.  The  other  skeletal 
fitructures  which  are  connected  with  it  are  represented  by  the  more 
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of  their  connection  with  the  internal  skeletal  parts.  They  not  only 
form  a  dorsal  shield  on  the  dorsal  surface,  but  a  ventral  one  on 
the  ventral  sui-face  (plastron).  In  the  dorsal  shield  we  can  make 
out  a  median  row  of  bones^  which  are  fused  with  the  spines  of  the 
vertcbrje,  and  project  from  them.  At  the  sides  there  are  larger 
pktesj  which  are  fused  with  rib-like  processes^  and  in  addition  to 
these  there  are  special  marginal  plates  around  the  edge  of  the 
shield.  These  are  wantiiig  in  Trionyx.  Four  paired  pieces  and  one 
unpaired  piece  can  be  made  out,  as  a  rule,  in  the  plastron.  All  of 
these  parts  are  varionsly  developed  in  different  families  of  tlia 
Chelonii. 

Although  the  dermal  bones  of  the  Reptilia  may  probably  be 
lightly  regarded  as  derived  from  the  bony  carapace  of  FisheSj  we 
must  regard  the  ossifications  which  are  found  in  the  Edentata  as 
independent  arrangements,  which  have  had  their  origin  in  fresh 
adaptive  modifications. 


a. 


Internal  Skeleton, 

§  327. 

The  internal  skeleton  is  of  greater  morphological  importance  than 
the  skeletfd  structures  formed  from  the  integnment ;  it  is  connected, 
on  the  one  hand,  with  arrangements  which  are  found  in  the  lover- 

tebrata,  and  on  the  other,  and  by  a  long 
series  of  very  varied  arrangements^  it  can 
be  followed  out  throngh  all  divisions  of 
the  Vertebrata. 

At  fii^t  the  internal  skeleton  has  the 
&M  form  of  a  rod4ike  structure  which  tra- 

verses the  whole  length  of  the  body,  and 
is,  when  simplest,  made  np  of  indifferent 
cellsj  and  surrounded  by  a  cnticular 
structure  which  is  formed  irom  a  secre- 
tion of  these  cells.  This  primitive  organ 
of  support  is  the  chorda  dorsal  is  ov 
[if^i^^ciA^^i^^^iS^il  notochord  ;  we  have  already  met  with  it 

in  the  Tunicata  (cf.  §303).  The  invest- 
ment formed  by  it  is  the  chorda  1 
sheath  {cs). 

The  earliest  rudiment  of  the  noto- 
chord is  placed  just  below  the  central 
nervous  system;  it  has  not  always  the 
same  relations  to  the  germ -layers,  al- 
though it  must  be  derived  either  directly 
or  indirectly  from  the  mesoderm.  The  compact,  and^  in  all  cases^ 
primitively  unjointed  condition  of  the  notochord  speaks  to  its  having 
been  inherited  from  an  unjointed  condition  of  the  organism;  and  this 
ii5  what  miglit  be  supposed  from  its  early  appearance  in  the  embryo. 


Pig.  221  u,  SecLlon  tliiough 
the  Tertcbral  column  of  Aui- 
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The  notochord  has  always  the  same  topographical  relations  to 
tli0  must  iraportaiit  of  the  other  organs.  Ahove  it,  is  the  central 
nervous  system,  and  below  it,  the  respiratory  and  nutrient  ap]>aratiis. 
Processes  are  given  off  from  the  connective  tissue  surrounding  tlio 
chord  which  enclose  the  so-called  dorsal  and  ventral  cavities  ;  thoso 
proce.'^ses  pass  into  the  musculature  of  the  body,  which  is  thereby 
broken  np  into  a  number  of  segmentSj  set  one  behind  the  other. 
In  Amphioxus  these  segments  are  so  far  asyuimotrical  that  they 
arc  foond  alternately  on  either  side. 

I^he  low  condition  of  the  axial  skeleton,  which  is  represented 
by  the  chord,  is  permanent  in  the  Leptocardiij  where  it  merely 
presents  special  histological  modifications.  In  all  the  rest  of  the 
Vortebrata  the  chord  is  the  sole  axial  skeleton 
in  the  earliest  stages  of  development  only ; 
new  differentiations  appear,  and  ifc  becomes 
of  less  physiological  importance.  These  diifer- 
entiations  affect  the  notochord  as  well  as  the 
tissue  which  sun^ounds  it,  and  which  has  been 
called  the  ''skeletogenous  layer''  or  "skele- 
togenous  tissuCj^'  on  account  of  its  relations 
to  the  future  skeleton.  The  cells  of  the 
chord  fonii  a  tissue  resembling  cartilage^  and 
the  sheath  becomes  a  more  independent  por- 
tion— it  forms  a  supporting  organ — owing  to 
the  thickening  of  its  layers.  Cartilaginous 
tissue  forma  around  the  chord  (Fig.  221  ^/j  A'), 
and  that  segmentation  of  the  axial  skeleton  into 
separate  segments,  the  so-called  vertebrae, 
which  was  before  merely  indicated,  now  be- 
comes obvious.  This  segmentation  of  the 
axial  skeleton  is  an  expression  of  the 
metamerism  of  the  whole  body;  a  series 
of  these  vertebra  make  up  the  vertebral 
column.  In  each  vertebra  we  call  that  por« 
tion  which  surrounds  the  notochord  the  cent- 
rum, and  the  outgrowing  portions  which  enclose  the  dorsal  and  ventnd 
cavities  of  tho  body,  and  which  are  given  off  directly  or  indirectly 
from  the  centrum,  the  arches.  These  again  are  diiitinguished  as 
upper  or  lower  arches,  according  to  their  relations  to  these  two 
cavities. 

As  the  axial  skeleton  becomes  segmented,  a  well-defined  portion 
in  the  most  anterior  segment  forms  the  primitive  Cranium  in  the 
Craniota. 

An  inferior  system  of  arches,  which  encloses  the  most  anterior 
portion  of  the  intestinal  tract,  which  functions  ns  a  respiratory  organ, 
is  distiuguished  as  the  branchial  or  visceral  skeleton*  Tbo 
cranium  and  visceral  skeleton  make  up  the  most  anterior  portion  of 
the  whole  skeleton — the  skeleton  of  the  head.  The  other  skeletal 
atmctures  which  are  connected  with  it  are  represented  by  the  more 


Fig.  221  b.  Section 
tbroDgh  the  Bpinal 
col  Q  ran  of  a  yOQBg 
Salmon.  C'?i  Ckordft. 
C5  Cbor«!al  shenth. 
m  Spitial  chord*  A-  Sape- 
rior,  k'  Inferior  arch 
(in  mdiment).  a  Aorta. 
V  Yeins. 


428 


COMPAKATIYE  ANATOMY. 


or  less  homogeneous  vertebral  column^  whicli  extends  to  the  caudal 
end  of  the  boJy.  The  upper  arches  remain  in  close  connection  with 
the  centni.  Movable  girder-like  pieces  are,  however^  separated  off 
froTu  the  lower  arches  in  the  region  which  encloses  the  ccElom  ;  these 
are  the  ribs. 

Lastly,  there  arc  the  skeletal  portions  of  the  appendages 
which  are  connected  by  special  organs — the  pectoral  and  pelvic 
girdles — with  the  skeleton  of  the  trnnk. 

The  cartilaginous  stage  of  the  primitive  skeleton  is  found 
in  all  of  the  higher  divisionSj  hut  in  them  it  has  no  function 
after  a  short  time,  for  it  is  gi-adually  replaced  by  osseous  tissue, 
whereby  the  skeletal  parts  corae  to  have  a  greater  physiological 
importance.  In  correlation  with  this  we  note  a  greater  differen- 
tiation in  morphological  points.  Even  in  the  osseous  skeleton, 
however,  the  cartihige  is  of  great  importance.  A  modified  form  of 
cartilage^  which  is  characterised  by  the  deposit  of  calcareous  matter 
in  itj  is  also  of  importance.  This  form  is  not  only  antecedent  to  the 
ossitication  of  the  parts  of  the  skeletou,  which  are  laid  down  in 
cartilage,  but^ — a^  is  seen  in  that  superficial  calcification  of  the  car- 
tilaginous skeleton  of  the  lower  Gnathostomata — is  also  sometimes 
a  permanent  arrangement. 


Vertebral   Column, 
§  328. 

The  separation  of  the  rachis  into  skull  and  vertebral  column  is 
not  completely  effected  in  Amphioxns  j  the  whole  axial  skeleton  is 
represented  by  the  notochord.  In  the  Craniota  they  begin  to  be 
separated.  The  lowest  characters  of  the  spinal  column  obtain  in 
the  Cyclostomata,  where  the  more  highly-developed  notochord,  with 
its  sheath,  forms  the  chief  portion  of  it.  Around  the  sheath  there  is 
cartilaginous  tissue,  which  is  continued  into  lateral  ridges  as  well  as 
into  the  wall  of  tlie  dorsal  can  id.  This  tissue  has  its  origin  in  the 
continuous  differentiation  of  the  skeletogenous  layer,  and  must  not 
be  confounded  Avith  the  cartilages,  which  ordinarily  form  the 
vertebral  segments.  Speaking  exactly,  therefore,  tlie  spinal  column 
is  not  here  separated  into  distinct  vertebrae ;  of  which,  indeed,  there 
are  indications  only  in  Petromyzon,  where  cartilaginous  pieces,  which 
correspond  to  the  superior  arches,  are  euckised  in  the  wall  of  the 
more  anterior  division  of  the  dorsal  canal.  We  meet  also  with 
indications  of  inferior  arches. 

The  notochord  also  retains  its  primitive  chamcters  in  Chimsera 
and  the  DipnoY.  In  the  Chirait^rfe  circular  calcifications  of  the  largo 
chordal  sheath  point  to  a  segmentation  of  the  notochordal  tube,  but 
they  are  more  numerous  than  the  primitive  vertebra?,  which  are 
merely  represented  by  the  arches  on  the  chordal  sheath.  In  the 
most  anterior  region  they  grow  round  the  chord  and  give  rise  by 
fusion  to  a  larger  undivided  piece.     In  the  DipnoT  a  strong  tube; 
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derived  from  the  skoletogenoua  layer,  is  doveloped  around  the 
primitivre  aheath,  aod  on  this  tlio  cartilagmous  aud  superficially 
ossified  arches  are  set. 

The  axial  akoieton  of  tlie  SelacUii  is  mncli  more  liigtly  developed. 
The  radiraents  of  the  superior  and  inferior  cartilaginoas  arches 
appear  around  the  iiotochord ;  these  grow  around  it  and  so  form 
cartilagiuoua  circular  centra.  That  part  of  the  cartilage  which 
encloses  the  chord  is  marked  off  from  the  peripheral  part,  which 
m  continued  into  the  archesj  and  the  former  represents,  jnst  an  in  the 
DipnoY,  a  kind  of  cartilaginous  sheath  (skeletogenous  chordal  sheath), 
which  is  deposited  ou  tho  cuticnlar  sheath. 

Tho  vertebral  column  of  the  Selachii  varies  greatly  in  structure 
according  to  tho  mode  of  growth  of  the  notochord  and  its  skeleto- 
genous  sheath. 
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Fi{f.  222.  Diagram  of  tho  ckaagoa  produood  in  tho  notocbord  by  the  gkelotogenoiifl 
layor  (Loogitadiaal  Boctioas),  c  Chorda,  r^  Chordal  aheath.  s  SkelotogOQOQJS  layer. 
V  Bodies  of  tho  vertebrae*  to  latervortobfal  ()t>rtloii,  g  I utcr vertebral  joint. 
A  Tho  churdal  tabo,  when  all  ita  parts  arcs  equally  wl*I1  developed  (Fishoa).  B  Interver- 
tebral growth  of  the  chorda*  FurmatioD  of  ampliicoQloua  vortobrio  (Fisjhes).  C  In- 
tervertebral oonatricticm  of  th^  chorda  by  carHlai^e  ;  while  the  roat  of  tho  chorda  i» 
retained  io  tho  vortebroo  (Ampbibia).  D  Inter vortebral  constriction  of  the  ohorda 
(EeptiliHj  Aves).  i^  Vertebral  oonBtriotion  of  tho  chorda,  where  part  of  tho  interver- 
tebral portion  is  retained  {Mammalia). 

The  cartilage  sometimea  forms  a  cjlindrical  tuhe^  in  which  the 
vertebrae  are  merely  represented  by  the  aixjliea  and  circular  parts  of 
the  skeletogenous  sheath.  The  notochord  13  sometimes  developed 
between  the  vertebras  (Fig.  222^  B),  and  retaina  its  earlier  size  at  the 
points  whore  tho  vortobra  (r)  and  arches  were  first  laid  down  around 
it.  This  arrangement  gives  rise  to  biconcave  (amphiccelous)  vertebriB 
{B),  the  depressions  in  which  are  filled  up  by  the  intervertebral 
chord.  This  is  the  way  in  which  the  vertebra3  of  nearly  all  other 
fishes  are  farmed* 

'  §  329. 

In  the  Ganoydei  the  vertebral  column,  when  simplest  in  organisa- 
tioHj  resembles  that  of  the  Selachii.     Just  as  in  the  Selachii  and 
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CViimEoiTO  BpeciJil  cartilages  are  iDtorcalated,  wliicli  aid  the  superior 
arches,  wliicli  are  connected  with  the  bodies  of  the  vertebrse^  in 
closing  the  Tertobral  cfinah 

In  the  Sturionea  the  skdetogenons  sheath  forms  a  considerable 
tube^  and  the  separation  of  the  colnran  into  vcrtebi*tD  ig  only  indicated 
by  the  superjacent  arches*  The  vertebral  colnmn  of  the  other  Ganotdei 
IS  sharply  marked  off  from  this,  its  lowest  form,  Amia  resembles 
the  Tcleostei,  A  small  portion  of  cartilage  is  retained  at  the  point 
where  the  arches  are  connected  with  the  centra  of  the  vertebrae ; 
bnt  this  is  absent  in  PolyptoruM,  so  that  in  it  the  arches  and  the 
centra  are  nnited  together  by  bone. 

Lepido»steii5  is  the  most  divergent  form,  for  in  it  the  cartilage 
becomes  constricted  between  the  vertebral*  In 
the  cartilage  which  forms  the  constrictionSj  an 
intervertebral  articular  cavity  is  formed,  so  that 
the  opislhocoL^lous  vertebras  articniato  with  one 
another.  So  far  they  resemble  tlie  Amphibia, 
but,  later  on^  the  remnant  of  the  vertebra!  por- 
tion of  the  notochord  disfippears,  and  a  bony 
centrum  is  developed,  which  is  connected,  and 
contimions,  with  the  upper  arches. 

The  vertebral  column  of  the  Teleostei  is  clta- 
i-acterised  by  the  reduction  of  the  c^irtilaginous 
rudiment.  This  reduction  may  be  seen  to  bo 
gradual  J  and  may  indeed  be  seen  in  one  and  the 
same  vertebral  column  in  certain  stages  of  de- 
velopment ;  where,  that  is,  the  cartilage  may  bo 
seen  to  diminish  in  quantity  as  we  go  from  before 
backwards.  As  a  rule,  four  cartilaginous  pieces, 
belonging  to  the  superior  and  inferior  arches 
(Fig.  221  b,  l'h')j  may  be  seen  around  the  chord, 
and  these  take  a  certain  share  in  the  formation 
of  the  arches.  They  very  rarely  fonn  complete 
superior  arches.  When  osseous  substance  is 
developed,  these  cartilages  are  generally  retained 
in  the  middle  of  the  centrum,  so  that  on  making 
a  vertical  section  through  it  we  get  an  obliquely  set  cross  (cf. 
Pig.  223,  hk'),  the  arms  of  which  are  directed  towards  the  bony 
arches.  The  notochord  is  always  well  developed  between  the 
vertebrpe,  so  that  the  centra  are  amphicoclous. 


ki 


Tig.  229.  Vertical 
B<*ction  throiigli  the 
ijiidclle  of  a  vertebra 
of  Ebox  liieius, 
ch  NotocboixL  cs 
Chortial  alicath.  k  I ' 
Cartila^noQB  cross, 
li  Correspond  a  to  the 
upper,  mxd  t'  to  the 
luworarchea  (in  nidi- 
nioiit).  h  Osaeoug 
tnuiBverfie  prooess. 
n  Spinal  oaoftl. 


§  330. 

The  vertebral  column  of  Pishes  can  only  be  divided  into  two 
regions^  the  body  and  the  tail.  They  are  distinguished  from  eacli 
other  by  the  characters  of  the  inferior  processes  of  the  vertebree, 
Tvliile  the  upper  arches  are  connected  with  the  vertebi^  in  the 
Bame  manner  thronghont;  and  are  generally  distinguished  by  the 
possession   of  median    (spinous)  processes.      In  the  region  of  the 
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tninkj  the  lower  arches  are  divided  into  riba,  and  Bupportiiig 
trans  verso  processes  (parapophyaes).  In  the  tail  of  the  Selachit  and 
Gano'idoi  tliey  are  continuously  coiinec tod  with  the  ceotranij  and  run 
out  into  spinous  proceaaea^  just  Uke  the  upper  arches. 

In  the  Tek^ostei  the  costiferona  transverse  processes  gradually 
converge^  in  the  caudal  region,  and  form  inferior  archea,  which  are 
not  homologous  with  those  of  the  Selachii  and  Ganoideij  although 
they  also  form  apinous  processes. 

hi  the  Chimiorffi,  Dipnoi,  and  many  Teleosteij  the  caudal  portion 
of  the  vertebral  column  ends  by  gradually  diminishing  in  si/.e,  but  in 
most  fishes  it  presents  gi*eat  modifications,  which  are  correlated  with 
the  development  of  the  caoda!  fin,  Tliese  modifications  first  ufFect 
the  lower  arches^  wlxich,  in  the  Sharks,  form  apinous  processes,  which 
are  greatly  widened  out  at  their  ends,  and  with  which  the  caudal  fin, 
which  is  most  developed  in  its  ventral  region,  is  connected.  In  many 
Sharks,  and  still  more  in  the 
Sturiones,  this  caudal  skeleton 
is  differentiated  in  an  unequal 
fashion*  The  inferior  apinous 
processes  are  more  largely  de- 
veloped ;  this  is  coirelated  with 
the  degeneration  of  the  superior 
spinous  processes,  and  of  the 
superior  arches  of  the  terminal 
caudal  vertebne;  this  of  course 
produces  an  up-turning  of  the 
caudal  end  of  the  vertebral 
column;  and  in  this  way  tlio 
inferior  lobes  oi  the  caudal  fin 
of  the  shark  get  to  be  terminal 
in  position. 

In  the  Teleostei  this  up-turn- 
iug  affects  also  the  axial  portion  of  the  yertebml  column.  As  a 
number  of  the  terminal  centra  of  this  column  are  generally  fused 
together,  and,  like  their  upper  arches,  feebly  or  not  at  all  developed, 
while  their  inferior  arches  still  persist,  the  up-turning  must  be  the 
more  marked  in  proportion  as  the  inferior  arches  become  more 
numerous  and  larger  than  the  superior  ones.  This  condition 
{Fig.  224)  is  carried  still  farther  by  the  atrophy  of  a  large  number 
of  vertebrae,  so  that  nothing  remains  of  them  but  their  inferior 
arches  (Physostomi), 

Finally,  the  vertebraa  completely  disappear,  and  the  remains  of 
the  inferior  arches  of  the  caudal  region  are  connected,  in  the  form  of 
vertical  plates,  with  a  single  vertebra  wliich  represents  the  end  of 
the  vertebral  column;  a  style-shaped  process  (urostylo)  of  the 
column  is  directed  upwards,  and  contains  the  end  of  the  notochord 
(Acanthopteri)* 

Supporting  organs,  formed  from  the  integument,  are  connect€d 
with   the  parts   thus   formed   by  the  vertebral  column,  and  they 


Fig.  22 1,  End  of  fclio  caudal  portion  of 
the  vertebral  column  of  a  yoaog  Cypri- 
II Old.  V  Centnim.  n  Superior j  h  In- 
ferior arches  (tlie  cart!laginou-<?  imrta 
am  dotted),  c  End  of  the  notoeliord. 
d  Covering  bony  lamella,  r  Bony  mys 
of  the  cftudnl  fin. 
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are  contimiecl  into  the  caudal  fin.  In  the  Selacliii  the  fin-rays  are 
formed  by  the  so-calleJ  horny  filameiita^  and  in  the  GanoTdei  and 
Toleostei  by  ossiticaiions. 

Like  the  caudal  iin^  the  other  unpaired  ones  have  their  supporting 
organs  formed  partly  by  the  axial  skeleton  and  partly  by  the  integu- 
ment. In  the  8ehichii  jointed  pieces  of  cartilage  pass  from  the 
spinous  processes  into  these  fins,  and  gradually  aeqnire  an  inde- 
j)endent  significance.  In  the  GanoTdei  and  Teleostei  they  become 
distinct  bony  pieces,  which  are  known  avS  '^supports  for  the  fin- 
rays;''  these  are  fpiite  separate  from  the  spinous  processes.  They 
nre  connected  with  the  fin-rays ;  these  arc  jointed  strnctores,  which 
are  sometiines  made  up  of  separate  bony  plates^  and  are  sometimes 
represented  by  solid  bony  ix)ds  (spinous  rays). 


In  the  Amphibian  vertebra?  the  cartilaginons  rudiment  of  the 
arclies  grows  around  the  notochord,  and  forma  constrictions  in  it  by 
means  of  intervertebral  enlargements  (Fig.  222^  (7).  In  many  of 
them  the  notochord  is  destroyed  at  those  points.  In  the  Anura  the 
notochord  remains  persistent  in  the  middle  of  the  centrum  ;  the 
only  exception  to  this  rule  is  to  be  found  in  those  forms  in  which 
the  centrum  is  developed  on  the  surface  of  the  notochord  (Hyla, 
Bombinator,  Pelobates,  etc.) ;  when  the  articulating  cavities  are 
developed,  the  articulating  ends  of  the  centra  are  developed  from  the 
intei-vertebral  cartilage.  These  intervertebral  articulations  are  incom- 
plete in  most  of  the  Urodela,  where  we  find  the  articulating  processes^ 
derived  from  the  centra  at  every  stage  of  development. 

In  the  rest  of  the  Urodela  the  intervertebral  cartilage  is  only 
feebly  developed,  so  that  the  notochord  is  but  slightly  or  not  at  all 
constncted  by  it.  It  persists  all  along  the  vertebral  cohimn,  and 
ia  altemalely  constricted  and  widened  out  in  MenobrauchuSj  Siredon, 
nnd  Menopoma.  In  the  latter  the  cartilage  takes  a  markedly  small 
share  in  the  formation  of  the  vertebra;  indeed,  a  series,  in  which  the 
intervertebral  cartilage  may  bo  seen  to  undergo  gradual  degenera- 
tioDj  can  be  followed  out  from  the  Salamandrina  np  to  Proteus.  In 
proportion  to  this  degeneration  the  vertebra  is  formed  by  deposits 
of  bony  layers,  which  may  even  be  laid  down  directly  on  the  chordal 
sheath  itself. 

No  separate  rudiments  of  superior  and  inferior  arches  can  be  seen 
in  the  trunk ;  they  seem  to  have  been  fused  into  a  common  mass  of 
cartilage.  Henceforward,  therefore,  that  arrangement  which  we 
saw  in  the  Fishes  disappears,  and  the  rudiment  of  the  cartOaginous 
vertebra  is  formed  of  a  single  piece  early  in  life. 

The  shortening  of  the  hinder  end  of  the  vertebral  column  in  the 
Anura  is  the  cause  of  the  development  of  a  Srmall  number  of  ver- 
tebree.     When  the  tail  disappearsj  a  long  dagger-shaped  bony  piece, 
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which  IS  ordioarily  known  as  the  urostyle  (Tig,  225,  c)y  is  formed 
from  the  riitlinients  of  a  few  vertebni3 ;  counting  this  then^  no  more 
than  ton  vertebral  segments  can  bo  made  oat.  There  are  many 
more  in  the  Urodeln ;  Atnpljiuma  has  as  many  as 
100^  Menopoma,  48;  Salamandra,  42;  and  the 
Coccihje,  about  230. 

The  transverse  processes  (/r)  arc  small  in  the 
Salamandrina ;  the  anterior  ones  are  genemlly 
divided  into  two  segments ;  in  the  Anura  they 
are  larger^  but  not  divided.  The  supei-ior  spinous 
processes  are  always  rudimentary.  Articulations 
between  the  arches  of  the  vertebra}  are  very 
common^  and  aro  effected  by  the  formation  of 
paired  articular  processes. 

The  connection  between  the  pelvic  girdle  and 
the  vertebral  column  does  not  only  more  dis- 
tinctly mark  oft  the  caudal  portion  from  the 
region  of  the  trunk,  but  a  sacral  portion  is  thua 
represented  by  a  vertebra^  which  is  generally 
distinguished  {and  especially  in  Pipa)  by  tho  size 
of  its  transvei'se  processes. 


Grgexbaih,  Unters. uber  die  WirbelsEule  der  Amphibien, 
Leipzi^i  1861. 


§  332. 


Tig.  225.  Verte- 
bral col u tun  and  pel- 
yia  of  the  Frop, 
tr  Transvorft©  pro- 
c&Eses.  «  Saoml  ver- 
tebm.  c  UroBtjIt?. 
il  riinin,  it  Iscbium. 
/  Femur. 


The  rudimenta  of  the  vertebral  column  are 
developed  around  the  chorda  dorsalia  of  tho  San- 
ropsida,  as  of  the  Amphibia.  Archer,  which  enclose  the  spinal 
canal,  are  given  off  by  the  cartilaginous  centra.  The  notochord 
is  also  constricted  between  the  vertebrjdti  (cf.  Fig*  222j  D),  but 
tho  whole  of  it  eventually  disappears  (except  in  the  Ascalobota). 
The  continuous  rudiment  is  separated  into  centra  in  just  the  same 
way  as  in  the  anonronB  Amphibia;  in  the  Saurii  and  Ophidii,  tho 
centra  are  procoelous.  In  the  Crocodilini  and  Aves  the  cartilnginous 
portions  of  therudimentj  which  lie  between  the  centra  in  the  cervical 
region^  are  converted  into  a  special  intervertebral  apparatus. 

Articular  processes  extend  from  tho  superior  arches  to  tho 
vertebra  next  in  front  and  behind.  They  aro  greatly  developed 
in  the  cervical  region  of  the  Chelonii.  The  superior  spinous 
processes  vary  in  size^  especially  in  the  dorsal  region ;  in  the 
Crocodilini  and  many  Saurii  they  are  present  on  the  ciiudal  ver- 
tebrae. Transverse  processes  are  either  given  off  from  the  centrum 
itself,  or  quite  close  to  it.  They  are  greatly  developed  in  the  dorsal 
and  caudal  region  of  the  Crocodilej  but  much  more  so  in  the  Chclonii, 
where  they  are  suiTonnded  by  tho  bony  plates  of  the  dorsal  shield, 
which  have  been  developed  in  the  integument.  They  are  seen  to  be 
divided  into  an  upper  and  a  lower  portion  in  the  Ophidii.     In  tho 
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Pig.  226.  Cervical 
vertebra  of  VqUuf 
cine  reus,  e  Centrum. 
p  Arch .  i  8  pi  no  u  e  1 1 1  o  - 
ceBsee*  eo  BudiuiGo, 
tary  rib. 


Reptilia  and  Aves  ribs  are  fotind  along  the  whole  of  the  dorsal 
portion  of  the  vertebral  colmnii,  and  are  absent  only  iu  the  Chelonii. 
The  movable  cervical^  ribs  of  the  Reptilia 
luiite  with  tbo  vertebras  iu  the  Aves  (Fig.  226, 
co),  and  the  two  ttigether  bound  a  foramen 
tmnsversarium. 

In  the  caudal  region  of  the  column  of  the 
Sauriij  Cbelonii,  and  C-rocodilini  wo  meet  with 
inferior  arches,  which  are  always  attached  be- 
tween two  centra,  and  take  part  in  the  forma- 
tion of  a  caudal  canah  They  are  rudimentary 
in  Birds,  Tho  inferior  processes  of  the  Ophidii, 
Satiriij  and  Avcs^  which  are  given  off  directly 
from  the  contra,  are  quite  different  from  these. 
On  comparing  the  vertebral  column  uf  tho 
Reptilia  and  Aves  with  that  of  the  Amphibia  we  can  see  tliat  it  h 
divided  into  a  larger  nnraber  of  regions,     A  cervical  and  a  hinibar 

region  arc  more 
distinctly  marked 
off,  owing  to  the 
connection  between 
a  number  of  ribs 
and  a  sternum*  Tho 
lumbar  region  con- 
tains the  pre- sacral 
group  of  vertebite^ 
which  have  only 
short  ribs;  it  is  dis- 
tinct in  the  Saurii 
and  Crocodilini. 
The  absence  of  any 
sternal  connections 
in  the  Opbidit  is 
the  cause  of  thei*© 
being  no  difference 
between  the  tho- 
racic and  cervical 
regions  in  these 
formSj  as  well  as 
of  the  impossibility 
of  distinguishiug  a 
lumbar  one.  In  the 
Chelonii  also  the 
vertebrj©  of  tho 
trunk  are  simihir  in 
character  through- 
out. These  regions 
are  not,  however, 
very  sharply  marked  off  from  one  another,  inasmuch  as  in  the  Saurii 


Fij?.   228.     Sucral   portion    of 
the  Tertfbral  coIuihd  of  ft  bird. 


Fig.  227.  Sftoral  por- 
tion  of  the  vertebral 
pohimn  of  a  Reptile, 
with  tbe  adjaoent  pre. 
and  puat-Bacral  vertebrjsj. 

Both  of  these  dJagratninQtio  ignreB  are  drawn  ns  if  from 
the  ventral  SDrface»  and  fihow  the  uervoDH  plexiia  on  the 
k  ft.  In  both  t  ho  fignreB  ti  i&  the  first  tacral  vertehm,  h  tho 
eecood  aacral  vDrtebra.  ,  .  ,  1,  2,  3, 4  Presacral.  r,2',3',4' 
t  .  .  «  PoBt-sacral  (or  caudal)  vertebno. 
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and  Crocodilini,  as  well  as  in  Aves,  the  last  ribs  of  the  cervical 
region  differ  hut  little  in  length  from  the  succeeding  ones,  whicli 
are  connected  with  the  stcraum*  The  same  applies  to  the  lumbar 
region  in  the  Saurii ;  in  Birds  this  region  is  united  to  the  true 
sacral  portion.  The  sacral  portion  of  the  column  is  increased  in 
size,  inasmuch  as  in  Reptiles  there  is,  at  the  leasts  a  second  vertebra 
(Fig.  227,  a  h)  in  addition  to  the  one  found  in  the  Amphibia.  These 
vertebra}  attain  firmer  connections,  and  are  completely  fused  m 
Birds,  where  a  large  number  of  pre-sacral  and  post-sacral  ver- 
tebno  are  attached  to  the  primitive  sacral  vertebnu  (^^g-  2^^* 
a  h),  and  the  whole  set  is  united  to  the  ilium.  In  the  so-called 
Bacrum  of  Birds^  thoracic  as  well  as  lumbar  and  caudal 
vertebraa  may  be  recognised;  in  the  Strnthionea  the  whole 
number  is  as  great  as  twenty- three.  The  two  true  sacral  vertebi'so 
are  very  distinct  in  the  Oalhna^,  many  NatatoreSj  and  in  birds  of 

The  caudal  region  is  the  one  which  varies  most  in  character;  in 
the  Chelonii  and  Aves  it  is  considerably  reduced. 

In  Carinate  Birds,  the  caudal  vertebra3  are  not  only  reduced  in 
number,  but  four  to  six  ol  them,  which  were  separate  in  the  embryo, 
are  fused  togetht^r;  and  the  bope  thus  formed,  which  is  of  some 
size,  and  is  ordinarily  known  as  the  ^' plonghaliare-shaped  bone,'* 
fnrnis  the  terminal  portion  of  the  vertebral  column ;  it  is  generally 
produced  into  an  upright  plate,  in  adaptation  to  its  relations  to  the 
rectrices  feathers. 

§333. 

In  the  Mammalia  the  cartilaginous  rudiment  of  the  vertebral 
column  grows  around  the  chorda  dorsalis,  and  is  constricted  at 
points,  each  of  which  corresponds  to  a  centrum ;  the  notochord  is 
therefore  retained  for  some  time  between  the  vertebra)  (Pig.  222,  E). 
The  intervertebral  circular  disc  is  developed  out  of  the  surrounding 
tissue,  and  the  remnant  of  the  notochord  is  preserved  in  it,  under 
the  form  of  the  ^'  gelatinous  nucleus."  The  cartilage  is  continued 
from  the  centra  into  the  superior  arches.  Independent  ossifications 
appear  in  the  centrum  as  well  as  in  the  arches,  and  the  bony  pieces 
thus  formed  do  not  fuse  until  growth  is  finished. 

On  most  vertebrae  the  arches  develop  spinous  processes.  In  the 
long-necked  Ungnlata)  (Giraffe,  Camel,  Horse),  they  are  not  found 
on  the  cervical  vortobra>,  but  are  greatly  developed  on  the  dorsal 
ones.  This  holds  also  for  the  Cetacea,  where  the  caudal  region  is 
also  of  great  si^e.  As  a  rule  articular  processes  are  developed;  they 
have  undergone  degeneration  in  the  Cetacea  only.  We  are  in  the  habit 
of  calling  all  kinds  of  etrnctures  transverse  processes,  whether  they 
spring  from  the  arches  or  from  the  centra.  These  processes  are 
simpler  in  the  cervical  and  thoracic  regions.  In  the  former  they 
are  somewhat  complicated  by  being  fused  with  rudimentary  ribs, 
which  unite  with  them  and  aid  in  the  formation  of  a  foramen  trans- 
versarium.     They  likewise  carry  ribs  in  the  thorax ^  and  V^^^  '^^'k^ 
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are  attaclied  on  tlieir  ventral  surface.  They  may,  however,  ako  carry 
terminal  ribsj  as  in  the  posterior  thoracic  vertebrae  of  the  Cetacea. 
As  the  thoracic  pass  into  tlie  hiDibar  vertebnu  the  transverse  process 
is  very  commonly  differentiated  into  three  special  processes.  The 
mamillary  processes  form  knobSj  which  are  sometimes  of  great 
Huo,  and  whicli  are  directed  forwards;  they  may  get  to  be  placed 
at  the  base  of  the  anterior  articular  processes.  The  accessory 
processes  are  directed  backwards  and  upwards ;  and  a  third  process 
is  lateral,  though  often  directed  downwardi* ;  those  form  the 
transverse  processes  {lateral  processes)  of  the  lumbar  vert ebra3. 

The  various  divisions  of  the  vertebral  column  are  more  sharply 
differentiated  from  one  anotlier  in  Mammals  than  in  Birds  and 
Reptiles.  The  cervical  region  is  especially  so  ;  it  is  distinguished  by 
the  constant  possession  of  seven  vertebriUj  which  are  more  defniitely 
marked  off  from  the  thoracic  region,  owing  to  tlie  fact  that  their 
rudimentary  ribs  rn rely  increase  in  size  as  they  approach  the  thoracic 
ribs.  The  increase  in  number  of  the  cervical  vertebne  in  Brad^rpua 
to  eight,  or  nine^  is  explained  by  the  fact  that  the  thoracic  vertebno 
pass  into  the  cer\rical  region,  whilo  the  dimiimtiou  to  six  in  Cholcopua 
and  the  American  Manatee  is  similarly  explained  by  the  cotnpleto 
development  of  the  rib  of  the  seventh  cer\ical  vertebra. 

The  lumbar  regiou  is  distinguished  by  the  absence  of  movable 
ribs.  In  the  sacral  region  one  vertebra  only  carries  the  iliuinj  as  a 
rule  J  but  a  second  one  has  frequently  the  same  relations.  It  is 
more  rarely  that  a  third  vertebra  is  connected  with  the  ilium.  The 
fusion  of  these  vertebi'a3  with  one  another,  and  with  one  or 
more  caudal  vertebra?,  gives  rise  to  the  formation  of  a  compact 
region  J  which  is  known  as  the  "Os  sacrum;**  in  this  we  must 
distinguish  the  true  sacral  vertebra)  from  the  false  ones  which  are 
developed  from  the  caudal  vertebne*  In  the  Edentata  the  number 
of  the  saci-al  vertebrfo  is  increased  by  the  union  of  the  ischium  with 
the  caudal  vertebrae.  In  this  way  the  sacral  region  gets  to  extend 
over  eight  or  nine  vertebrae 

In  the  Mammalia  also  the  caudal  region  of  the  vertebral  column 
is  the  most  variable  of  all  regions ;  in  most  divisions  it  may  be 
either  greatly  developed,  or  may  undergo  considerable  reduction. 
Thus  in  the  Simim  the  number  of  vertebra?  may  be  as  high  as  thirty, 
while  in  some  again  it  may  sink  below  the  number,  which  has  been 
retained  by  man. 

In  this  point  the  last  portion  differs  from  the  most  anterior  or 
cervical  region  ;  while  the  intermediate  portion  is,  as  regards  its 
numerical  relations,  less  constant  than  the  cervical,  hut  at  the  same 
time  less  variable  than  the  caudal  portion  of  the  vertebral  column. 
The  number  of  dorso-lumbar  vertebras  is  very  high  in  some  of  the 
half-apes  (23-2 i  in  Lemur) ;  in  Choloepus  it  is  27;  in  the  Perisso- 
dactyla,  24*  It  is  highest  in  Hyrax  (29),  It  is  lower  in  all  the  other 
divisions. 

Within  the  krger  divisions  the  common  ancestry  of  the  different 
gonem  is  implied  by  the  great  constancy  of  the  whole  uumber  of  the 
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dorso-lunibar  vertebrae,  In  the  Maraupialia  and  Artiodactyla  tins  is 
always  19  ;  the  same  number^  or  20^  predominates  in  most  Rodents, 
Carnivora  (21  in  Paradoxnms  and  Procjon),  and  the  majority  of 
Prinintes.  In  some  of  tbo  latter,  however,  it  falls  to  17  or  18,  in 
which  number  thej  agree  with  most  of  the  Chiroptera. 

The  yariations  within  the  dorso-lumbar  i-egion  depend  on  the 
ribs,  for  when  they  undergo  degeneration  the  himbar  vertebra?  are 
increased  in  number* 


§  334. 

Varied  as  are  the  differentiations  undergone  by  the  vertebra^j  the 
extreme  conditions  are  usually  connected  by  intermediate  f onns.  It 
is  in  the  first  two  vertebrE©  only  that  an  arrangement  obtain  a 
which  is  limited  to  them,  and  them  only;  and  this  arrangement  is 
duo  to  the  way  in  which  the  skull  is  connected  withj  and  moves  on, 
the  spinal  column. 

In  Fishes  we  sometimes  meet  with  peculiar  arrangements  in 
the  way  in  which  the  skull  and  first  vertebra  are  connected 
together ;  in  the  Rays  there  are  articular  facets,  as  there  are  also  iu 
the  Teleostei,  where  they  are  placed  on  lateral  processes.  Another 
set  of  modifications  commences  in  the  Amphibia,  The  first  cervical 
vertebra  is  circular,  as  it  generally  has  no  transverse  processes, 
which  are  only  present  when  it  is  fused  with  the  succeeding  vertebra 
(Pipa),  This  first  vertebra  is  known  as  the  atlas.  Iu  the  Reptilia 
the  centrum  of  the  atlas  is  separated  from  its  arch,  and  is  placed  in 
fiMint  of  the  centrum  of  the  second,  which  is  distinguished  as  the 
axis,  and  it  is  more  closely  connected  with  the  centrum  of 
llio  axis  than  with  its  own  arch.  Owing  to  this  arrangement 
a  special  piece  is  developed,  which  connects  the  two  sides  of  the  arch 
on  the  ventral  sarface.  In  the  Crocodilini  the  arch  is  also  closed  by 
bone  on  its  dorsal  surface.  In  the  Ophidii,  the  part  which  cor- 
responds to  the  centrum  of  the  atlas  fuses  with  the  second  cervical 
vertebra,  and  forms  its  odontoid  process.  The  same  arrangement 
obtains  in  Bii*ds,  where  the  ventral  connection  of  the  arch  becomes 
very  large  indeed  as  compared  to  this  "odontoid  process/^ 

The  arrangement  seen  in  the  Reptilia  is  represented  in  an  em- 
bryonic stage  in  Mammalia.  In  the  Monotremata  it  lasts  some  time 
longer  than  in  the  rest.  In  the  Marsupialia,  however,  it  is  often  a 
permanent  condition,  owning  to  the  separation  of  the  centrum  of  the 
atlas  from  the  axis.  Iu  other  cases  the  centrum  of  the  atlas  passes 
completely  into  the  odontoid  process  of  the  axis.  The  inferior  union 
of  the  arches  is,  in  the  Marsupialia,  merely  represented  by  a  liga- 
ment, or  there  may  be  a  distinct  bone  iu  its  place.  In  the  Mono- 
delphia  there  is  a  bony  ventral  clasp  between  the  two  halves  of  the 
arch. 
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Eibs. 
§  335. 

The  name  of  ribs  is  given  to  those  parts  of  the  skeleton  whicli 
have  been  developed  from  the  inferior  arches  of  the  vertebrte^  aiul 
which  are  either  pDrmanentiy,  or  transitorily,  articalated  to  the 
vertebral  columQ.  As  a  rule  they  clasp  round  and  enclose  a  sub- 
vertebral  cavity.  This  cavity  is  divisible  into  two  portions,  which 
differ  in  size,  and  in  the  organs  wliichthey  contain.  The  anterior 
one  is  the  ccclom.  The  posterior  one  is  continued  into  the  tiiil,  and 
forms  the  narrow  caudal  canal,  which  is  sometimes  divided  hori- 
zontally into  two  parts.  These  relations  may  be  seen  in  Fishes,  where 
also  the  division  of  the  body  into  regions  is  in  its  most  iudifTerent 
condition, 

A  comparison  of  the  contents  of  the  two  tracts  of  the  sub- 
vertebral  cavity  will  explain  their  difference  in  si^e.  While  in  the 
caudal  canal  there  is  nothing  bnt  blood-vessels,  or,  at  most,  parts  of 
the  kidneys^  which  are  always  organs  that  vary  but  little  in  size, 
great  variations  in  volume  can  be  made  out  in  the  organs  of  the 
ccelom,  and  these  variations  may  be  oft^n  seen  to  he  due  to  a  regular 
succession  of  states,  in  which  tho  organs  are  being  filled  or  emptied. 
The  arrangements  which  can  be  made  out  in  the  lower  arches  are 
correlated  with  this  characteristic.  They  are  seen  to  be  direct 
processes  of  the  vertebra  in  the  caudal  region,  and  are  immovable. 
In  the  abdominal  region,  however,  in  adaptation  to  the  varying 
size  of  the  cavity  they  enclose,  they  are  segmented  off  from  the 
vertebno,  and  are  more  or  less  movably  articulated  to  the  centra  or 
its  processes  {transverse  processes). 

The  ribs  are  therefore  regarded  as  differentiations  of 
the  inferior  system  of  arches  j  a  number  of  arches,  varying 
according  to  the  extent  of  the  coelom,  have  been  converted  into  the 
more  free  form  of  rib.  This  view,  which  explains  the  origin  of  tho 
ribs,  proves  to  ns  that  the  inferior  arches,  which  resemble  the 
ribsj  hut  which  do  not  now  enclose  the  ccelom,  are  not  primitive 
structures,  but  that  they  once  were  ribs;  this  necessarily  pre* 
supposes  that  the  ca4om  once  extended  much  farther  back. 


§  33C. 

As  we  have  already  treated  of  the  indifferent  lower  arches 
when  speaking  of  tho  vertebral  column,  we  have  now  only  to  deal 
with  the  ribs  and  the  organs  derived  from  them.  They  are  not 
completely  absent  in  any  of  the  Vertebrata,  save  the  Leptocardii, 
Cyclostomata,  and  the  Chimterae.  In  all  the  rest  they  are  either  in  a 
rudimentary  or  in  a  well- developed  condition ;  in  the  latter  citse  they 
may  becomq  connected  together  on  the  ventral  surface^  and  a  special 
skeletal  piece,  the  sternum,  is  then  developed. 
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All  the  triiuk  vcrtebi-te  maj  carry  ribs»  In  Fishes  they  generally 
extend  an  far  as  the  caudal  region,  without  auy  change  in  form. 
They  never  become  united  below,  for  when  they  are  connected  with 
other  parts  of  the  skeleton,  these  parts  belong  to  tho  dermal  skeleton 
(Clupeidfe).  They  are  rudimentary  in  the  Selachii,  and  arc 
ordinarily  represented  by  short  piecea  of  cartilage  only ;  they  are 
larger  in  the  Sturiones  (Acipenser),  They  am  not  placed  on  the 
exact  boundary  of  the  coelom,  but  at  a  certain  depth  in  the  musclea; 
but  this  does  not  affect  the  explanation  that  w©  have  given  of  the 
origin  of  the  ribs* 

The  ribs  are  better  developed  in  those  Ganoids  that  have  a  bony 
skeleton.  In  the  caudal  portion  of  the  vertebral  column ,  as  in  tho 
Selachii  and  Stm-iones,  they  gradually  pavss  into  the  lower  arches^ 
which  are  at  first  connected  with  tho  centra  in  just  the  same  way  as 
are  the  true  ribs  in  front  of  them. 

In  tho  Osseous  Fishes  the  ribs  vary  very  greatly  in  character. 
They  are  frerpicHtly  rudimen- 
tary or  completely  absent 
( Lophob ran chii ,  Gyrauo do n  ta, 
etc.).  It  is  easy  to  under- 
stand, from  what  has  been 
said  above  as  to  the  origin 
of  tho  lower  arches  in  the 
Teleostei,  that  these  lower 
arches  may  carry  ribs  (Fig. 
229,  0).  In  a  few  divisions 
of  the  Physostomi  tlie  most 
anterior  ribs  undergo  changes, 
for  bones  connected  with  the 
air-bladder  are  developed 
from  them  to  form  a  chain 
which  extends  to  the  auditory 

organ  (Cyprinoids).  In  Polypterns,  rib-like  structures  are  placed 
between  the  dorsal  and  ventral  muscles,  on  the  side  of  the  trunk, 
and  these  extend  to  the  integument.  They  are  found  also  in  Amia. 
and  the  Physoatomi_,  where  they  are  sometimes  so  large  that  they 
have  been  regarded  as  the  true  ribs.  Ae  a  rule  they  are  bifm-cated 
at  their  origin. 

Among  the  Amphibia  the  most  completely  developed  ribs  are 
found  in  the  Gymuophiona^  where  they  are  found  on  all  but  tho 
first  and  last  vertebra.  In  the  Urodela  they  are  rudimentary,  and 
form  short  pieceSj  which  are  movably  attached  by  two  processes  ; 
posteriorly  they  are  more  simple  in  form.  Just  as  in  the  Selachii, 
they  extend  into  the  muscles.  The  transverse  process  of  the  sacral 
vertebra  also  carries  a  rudimentary  ribj  by  which  it  is  connected 
with  tlie  pelvis.  In  the  Anura,  likewise^  they  are  rudimentary  or 
completely  absent. 


Fig.     229.      Diffenencefl     In    tbe     arrange' 

mont  of  tbe  riba  and  transYerse  proceeseu  in 

tho  Teleoftt«i.     c  Ceutrara.    o  Upper  arcLe». 

f*  TnwiBverae  processes,    r  Ribs. 
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§  337, 

Among  tliD  Beptilia,  tlie  Chelonii  resemble  the  anourous  Am- 
phibia; there  are  no  ribs  in  the  cervical  region  of  the  vertebral 
eolnmn,  and  it  is  doubtful  whether  the  rib-like  processes^  which  in 
the  trunk  arc  conuoctod  with  dermal  boneSjare  not  really  transverse 
procossos,  la  the  rest  of  the  Reptilia,  ribs  are  found  on  nearly  all  the 
trunk  vertebraj.  In  the  Saurii  and  Ophidii  there  are  no  ribs  to  tho 
atlas,  and  in  tho  former  there  aro  none  on  the  second  cervical 
vertebra  either.  In  the  Sauriij  eome  of  the  ribs  of  the  trunk  aro 
conuected  with  a  sternum,  and  so  make  a  great  difference  between 
the  various  coatiferoua  portions  of  tho  vertebral  column;  in  the 
Ophidii,  howovor,  tho  ribs,  from  tho  second  cervical  vertebra  as  far 
as  the  end  of  the  trunk,  have  pretty  much  tho  same  characters,  Tkey 
are  all  characterised  by  their  free  articulation  with  tho  vertebral 
column. 

In  the  Saurii  and  Crocodilini,  each  rib  connected  with  the  sternum 


Fig.  230.  C'crviCBl  and  Uiomcio  T0riobiTOof  Crocodilu?.   e  Ribs^    c'  Hil>  of  tho  atlaF, 

gt  Stern um. 


is  always  divided  into  several  portions;  of  these  the  upper,  or  ver- 
tebral, is,  as  a  rule,  the  only  portion  that  is  completely  ossified.  Tho 
sternal  end  ordinarily  remains  cartilaginous,  and  but  few  ribs  aro 
directly  attached  to  the  aternuni.  Not  unfre(]uently  a  large  number 
aro  connected  with  a  cartilaginous  arch  which  is  attached  to  its 
hinder  end.  The  more  posterior  cervical  ribs,  eveuj  may  be  divided 
into  two  segments,  and  so  form  an  intermediate  stage  towai-ds  the 
arrangement  seen  in  the  thoracic  ribs. 

In  Birds,  the  union  between  the  rudimentary  cervical  ribs  and 
the  vertebral  column  leads  to  most  of  them  being  completely  fused 
with  it ;  on  the  other  hand,  tlio  hinder  ones  are  leas  firmly  connected, 
and  their  mode  of  union  is  intermediate  in  character  between  that  of 
those  in  front  of  them,  and  of  those  thoracic  ribs  which  roach  to  tho 
stenium.  As  in  the  Saurii,  these  latter  are  not  numerous,  and  aro 
similarly  divided  into  a  vertebral  and  a  sternal  piece  (os  aterno- 
eostale).  The  vertebral  pieces  are  distinguished  by  backwardly 
directed  processes  (processus  nncinati),  which  are  applied  to  the  body 
of  the  succeeding  rib,  and  so  increase  the  strength  of  the  thorax. 
This  arrangement  obtains  also  in  some  Saurii  {Sphenodon)  and  in  the 
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CrocadilinT.  Theso  processes  are  not  laid  down  ia  cartilage,  but  are 
secondary  Gasifications.  The  liimbar  portion  of  the  vertebral  colunin, 
which  ia  fuse  J  with  the  sacra  m,  has  no  rib3  in  Birds,  but  distinct 
radiuionts  may  be  seen  on  tho  true  sacral  vertebrcO,  so  that  even 
bore  the  ilium  h  not  united  directly  to  the  vertebrajj  but  to  the 
rndiaientarj  ribs  that  ar^  attached  to  them.  >Similar  rudiments 
may  be  made  out  in  the  Crocodilini,  When  the  caudal  region  is 
well  developed,  the  same  structures  as  those  wliich  have  been  already 
alluded  to  m  rudimentary  ribs  may  be  seen  to  enclose  the  caudal  canal 

With  regard  to  the  connection  between  the  ribs  and  the  vertebra?  ; 
in  the  Saurii^  Crocodilini,  and  Aves,  there  are  generally  two  points 
of  attachmontj  for  the  rib  is  articulated  to  tho  centrum  by  a 
capitulum  {^),  and  to  the  transverse  process  by  a  tubercle  (a).  Tho 
posterior  ribs  gradually  get  to  have  only  one  point  of  attachment. 

In  the  Mammalia  the  cervical  ribs  have  passed  completely  into 
the  vertebrEB,  and  it  is  only  now  and  agaiu  that  we  meet  with  a  irco 
rib.  The  thomcic  ribs,  which  vary  in 
number,  are  divided  into  the  two  above- 
mentioned  pieces,  and  so  show  that  ossi- 
fication has  not  equally  affected  the  whole 
rib,  but  that  a  sternal  portion  remains  in 
its  cartilaginous  condition.  When  this 
portion  is  ossified  (Edentataj  Cetacea)  it 
forms  a  separate  piece;  in  Ornithorhyn- 
chus,  it  is  again  divided  in  the  case  of 
the  last  five  ribs;  this  happens  also  in 
Mania* 

Tho  anterior  ribs  alone  reach  to  the 
sternum.  The  hinder  ones  are  either 
connected  with  the  sternal  end  of  the  one  next  in  frontj  or  project 
freely,  and  so  get  to  resemble  the  rudimentary  forms^  to  which 
class  of  ribs  the  hindcrmost  ones  in  the  Cetacea  do  belong;  these 
are  not  even  connected  with  the  vertebral  column.  In  the  lumbar 
region  the  ribs  are  fused  with  the  transverse  processes.  It  is  not 
certain  whether  tho  transverse  process  itselE  does  not  represent  the 
rib.  The  rudiments  of  the  ribs  are  much  more  distinct  in  the  first 
two  or  three  sacral  vertebrtO,  where,  as  in  the  lower  cl asses,  they 
are  tho  means  of  connection  between  the  sacnd  vertebrai  and  the 
ilium,  In  this  region  they  have  the  form  of  ventral  pieces  attached 
to  tho  transverse  processes.  Finally,  in  long- tailed  Mammals,  the 
radimoDts  of  ribs  having  the  form  of  inferior  arches  occur.  The 
doable  mode  of  union,  which  is  gonerally  seen  in  the  case  of  the 
cervical  ribs,  obtains  also  iu  the  thoracic  ribs,  but  it  is  single  in 
the  case  of  the  hinder  ones. 


Fig.  231 »  Thomcic  voitebm  of 
Bateo  vulgaris,  c  Cctitriini 
of  tho  vertebra,  9  Superior 
Bpinous  process,  tr  Transvorao 
pr oc  ess*  t  u  Kib ,  uTn  terc  u  hiiu . 
^  CapUnIum. 
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Fig.  232.  Sternum  and  Shoulder^ 
girdle  of  Eana  teinpornr  ja.  p  Body 
of  the  Stertrnm.  sc  Scap\ilii.  sc'  Snpra- 
Bcaptilar.  co  GDracoid  fneed  lii  the 
iniddle  line  with  its  fellow  of  ttie 
oppoflile  Btdo  («r).  d.  ClnTicle.  e  Epi- 
steniiun.  The  cartilapfiuoaa  parts  arc 
shaded. 


Sternum, 

§  33a 

The  Sternrim  forms  tlie  ventral  portion  of  tlic  framework  of 
arc  lies,  which  is  formed  by  the  ribs,  lb  ia  developed  from  a  rudi- 
ment sinailar  to  that  of  the  ribij^, 
as  a  band  of  cartilage,  which  con- 
nects together  the  proper  ribs  ou 
each  side.  It  appears,  therefore, 
as  a  paired  portion  of  the  skeleton, 
and  its  later  characters  are  due 
to  its  fusion  along  the  middle 
line.  We  first  meet  with  it  in 
the  Amphibia.  We  ninst  there- 
fore suppose  that  in  these  forms 
there  was  once  a  slage,  in  which 
the  ribs  were  united  by  a  stenium. 
Of  this  stage  nothing  lias  been  re- 
tain cd,  in  addition  to  the  rudiments 
of  the  ribs,  except  the  part  which 
represents  the  rudiment  of  the  sternum ;  and  the  presei^vation  of 
this  rudiment  is  explained  by  the  fact  that  it  is  connected  wn'th  the 
shoulder- girdle.     Thus  in  the  Salamandrina  it  has  the  form  of  a 

broad  thin  plate  of  cartilage,  in  which 
there  are  deep  grooves  for  the  attach- 
ment of  the  coracoids.  In  the  Anura 
(Fig.  232j  p)  it  is  placed  at  the  hinder 
edge  of  the  coracoids  (co)  which  are 
united  together  in  the  middle  line,  and 
forms  a  partly  ossified  appendage  to  the 
shoulder -girdle,  the  hinder  end  of  which 
persists  as  a  broad  plate  of  cartdage. 

The  stenial  plate  of  the  Saurii  and 
Crocodilini  resembles  the  broader  form 
of  Amphibian  sternum*  It  is  generally 
rhomhoidal  in  form^  and  has  the  same 
relations  to  the  shoulder-girdle  (Fig» 
233,  a).  As  a  rale  but  few  pairs  of  ribs 
are  connected  with  the  sternum,  which 
frequently  retains  its  cartilaginous  con- 
dition (Fig.  233,  s) ;  at  its  hinder  edge 
it  gives  off  one  or  two  processeSj  which 
also  receive  ribs.  The  paired  condition 
of  this  second  portion  of  the  steraum 
must  be  regarded  as  a  continuation  of  the  embryonic  arrangement. 

The  sternum  of  Birds  is  always  ossified ;  it  represents  the  more 
highly  developed  steninl  plate  of  Eep tiles,  but  the  hinder  portion  is 
no  longer  developed.    It  1ms,  moreoverj  but  few  pairs  (no  more  than 


Fig.  238»  Stcniam  and  Shcml- 
der*  girdle  of  Uromastix 
apirupes,  a  BteiTial  plate^ 
which  Fiipports  at  its  sides 
several  pairs  of  ribe,  and  in 
provided  pofitpriorly  with  tivn 
proceseea.  »c  Scapola.  co  Co. 
racoid.  tl  Clavicle,  t  Epi- 
fitemuni.  The  cai-tilaginouR 
portions  of  the  sternum  and 
coraooids  are  dotted. 
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Pig,  23 1-.  Steninui 
of  Botoo  vulgaris 
(seen  a  little  from 
one  side),  crs  Crista 
Bterni.  /  Furcula. 
c  Coracoid . 


Fig^.  235,  SteruuDi 
of  Nuniida  moloft- 
gria  (socQ  from  ioi 
front).  era  Crista 
BtcTEu.    c  Coracoid, 


The 


aiac)  of  ribs  connected  with  it,  lu  the  Rtitttifi  it  forma  a  broad  piece 
of  bone,  which  is  very  convex  anteriorly.  In  the  Carinata3j  however, 
it  is  distinguished  by  a  projecting  keel  {Fig.  2-5  i,  crs)  on  tho 
antericpr  and  convex  face  of 
the  steniunij  which  serves  to 
increase  the  surface  from 
which  the  mnscles  take  their 
origin.  The  form  of  the 
sternum  is  therefore  correlated 
with  the  development  of  the 
muscles,  while  the  size  of  the 
stomum  and  of  its  keel  corre- 
sponds to  the  power  of  flight 
of  which  its  possessor  is 
capable.  The  hinder  end 
often  presents  paired  fom- 
mina,  which  are  closed  by 
membrane  (Birds  of  Prey  and 
Water  Birds) ;  when  the  peri- 
phery  of  these  foramina  is 
broken  through  towards  the 
hinder  edge  of  the  sternum^ 
clefts    are    formed,    between 

which  the  so-called  abdominal  processes  project  (Fig,  235) 
sternum  of  Birds  has  very  much  the  same  relations  as  in  Reptiles, 
owing  to  its  connection  with  the  shoulder- girdle. 

The  sternum  of  Mammals  is  distingiiished  from  that  of  the 
preceding  classes  by  the  large 
number  of  segments  that  are 
separately  ossified  in  it.  It  is 
made  up  of  bones,  which  are 
placed  one  behind  the  other, 
although  they  were  all  laid 
down  in  a  continuous  cartilage. 
They  are  not  unfrequently 
developed  from  paired  centres 
of  ossification,  and  frequently 
fuse  into  one  piece. 

The  form  of  the  sternum 
is  affected  by  its  relations  to  the 
shoulder- girdle,  Tho  anterior 
piece  is  connected  with  the  cia- 
vicleSj  and  is  distinguished  by 
its  greater  breadth ;  it  forms 

the  manubrium,  A  ridge-like  process  (Fig,  236,  c  )  is  developed  on  the 
anterior  face  of  this  segment  in  aerial  Mammalia ;  this  is  physiologi- 
cally similar  to  the  keel  of  Birds.  When  the  clavicles  are  absent, 
the  anterior  end  of  the  stemura  is  generally  much  diminished  in 
size.  The  hinder  end  is  always  drawn  out  into  a  median  piece^  vvkv<L\\ 
frequently  remains  cartilaginous  (Fig,  237  j  .»'.^  i;i\^\\Q\^^^^^5s^'^- 


Pig.  236.  Steraiiin 
of  Vespertilio  mn- 
riiia.  a  Sternntn. 
c*  Crest,  cl  Claricle, 
c  Biba 


Fig.2S7.  Stomtim  of 

Cervua  caproolus. 

AC  Costal   cartiltiges. 

»  Xiphioid  procesi}. 
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A  special  piece,  the  episternum,  is  very  commonly  present  in 
connection  with  the  stemnm ;  this  has  one  of  two  forms  according 
to  the  way  in  which  it  is  developed  and  connected. 

In  one  the  cpisternum  is  merely  represented  by  bony  structures, 
which  are  placed  on  the  ventral  face  of  the  sternum.  Thus,  in  the 
Reptilia,  it  has  the  appearance  of  a  cross,  or  of  a  T-shaped  bone 
(Fig.  233,  t),  the  two  arms  of  which  support  the  clavicles,  while  the 
median  piece  is  attached  to,  or  even  fused  with,  the  sternum  (Asca- 
labota).  In  the  Crocodilini  the  transverse  piece  of  the  epistemum 
and  the  clavicles  are  both  wanting,  as  is  the  whole  epistemum  in 
the  Chamaeleonida) ;  nor  is  it  present  in  Birds. 

The  second  type  of  these  structures  is  made  up  of  skeletal  parts, 
which  are  preformed  in  cartilage,  and  which  lie  in  front  of  the 
sternum.  There  is  a  structure  of  this  kind  in  the  anourous 
Amphibia  (Fig.  232,  e),  where  it  is  represented  by  a  bone,  which  is 

separated  from  the  sternum  by  the 
coracoid,  and  is  therefore  set  in 
front  of  the  shoulder-girdle. 

In  the  Mammalia  the  epistemum 
always  forms  a  uniting  piece  be- 
tween the  sternum  and  clavicle. 
In  the  Monotremata  it  has  the 
form  of  a  bone  attached  to  the 
sternum,  and  drawn  out  into  two 
processes.  In  the  Marsupialia  (Di- 
delphys)  the  lateral  arms  (Fig.  238) 
remain  movable,  but  the  median 
portion  is  fused  with  the  sternum. 
This  leads  to  that  reduction  of  the 
epistemum  which  is  seen  in  other 
Mammals;  in  which  the  lateral 
pieces  alone  ar6  present  in  cartilage, 
or  form  bony  parts,  which  are  attached  to  the  sternal  end  of  the 
clavicle  (Rodcntia,  Insect ivora,  Edentata).  In  the  Primates  these 
epistemal  structures  form  the  intermediate  cartilages  of  the  articu- 
lation of  the  sternum  with  the  clavicle. 

Gegrnbaur,  C,  Ueber  dio  epistenialen  Skelettheilo  und  ihr  Vorkommen  bei  den 
SAngethioren  nod  beim  Hcnpcben.  Jen.  ZeitEchr.  I. — ParkeBi  W.  K.,  Structure 
and  development  of  the  Shonldcr-girdle  and  Stemnm.     Bay  Soc.  1868. 


Fig.  238.  Epistemum,  with  the  parts 
connected  to  it,  of  a  young  Opossum. 
st  Anterior  end  of  the  sternum  (ossi- 
tied),  ep  Epistemum  (cartilaginous). 
cl  Clairicle.     c  The  first  two  libs. 


Cephalic  Skeleton. 

§339. 

The  indifferent  stage  in  which  the  head  is  found  in  the  Acrania 
makes  it  impossible  to  distinguish  any  distinct  cephalic  skeleton. 
It  is,  however,  true  that  the  head  of  the  Craniota  is  not  an  absolutely 


CEPICAUC  SKELETON  OE  ^^l:RTEBIlATA.  445 

Bew  structure,  and  to  the  same  extent  tho  cephalic  skeleton  ia  not 
new.  I£  tlie  anterior  respiratory  portion  of  the  body  in  Ampbioxus 
correisponds  potentially  to  the  head  of  the  Craniotaj  then  the 
skeletal  parts  in  it  must  ho  potoiitiallj  homologous  with  a  cephalic 
skeleton.  This  applie3  to  that  regioti  of  the  notochord,  and  to 
the  tissue  derived  from  itj  which  encloses  the  anterior  portion  of 
the  central  nervous  systenij  as  well  as  to  tho  framework  of  the 
respiratory  cavity. 

In  tho  Craniota  this  anterior  portiun  of  the  body  ia  different 
on  the  dorsalj  as  well  as  on  the  ventral,  surface  from  w^hat  is  behind 
it;  owing  to  tlie  changes  which  take  place  in  its  functional  import- 
ance, in  consequence  of  its  relations  to  a  largo  number  of  other 
organs,  it  gets  to  differ  in  many  special  pointg,  owing  to  the  exist- 
ence of  which  it  can  be  distinguished  as  the  head;  and  it  conse- 
quently becomes  of  greater  importance  than  the  rest  of  the  body. 
It  Btiinds  in  relation  to  the  entrance  of  the  alimentary  canal ;  it  con- 
tains the  most  important  of  the  sensory  organs;  and  affords  a  shelter 
to  that  portion  of  the  central  DCrvons  system  which  is  developed 
into  the  brain.  These  relations  are,  moreover,  the  cause  of  the 
me  tarn  or  phobia  which  affects  it. 

In  the  skeleton  of  the  liead  wo  may  distinguish— 1)  tho  SkuU, 
and  2)  the  Branchial  skeleton, 

1)  The  Skull  (cranium)  is  the  name  given  to  that  part  which 
is  a  continuation  of  the  dorsal  column,  and  is  connected  with  tho 
axial  skeleton.  It  has  many  things  in  common  with  the  former,  for 
it  corresponds  to  a  number  of  vertebral  centra  and  upper  arches. 
This  similarity  is  not  only  implied  in  its  texture,  but  also  in  its 
structural  relations^  and  in  its  relations  to  tho  central  and  peripheral 
nervous  system.  The  chordji  dorsalis  is  continued  into  the  basal 
portion  of  the  cranium,  where  it  may  either  remain  permanently,  or 
disappear  after  a  short  time.  With  increased  development  of  tho 
higher  sensory  organs  the  cranium  becomes  of  more  importance. 
A  hinder  segment  encloses  on  either  side  the  auditory  organ,  and 
may  be  distinguished  as  the  auditory  capsule.  Going  forward,  there 
is,  on  either  side,  a  depression  which  affords  shelter  for  the  eyes 
(orbit),  while  in  tho  most  anterior  part  there  are  cavities  for  tho 
reception  of  tho  olfactory  organ.  The  primitive  condition  of  this 
cranium  is  cartilaginous  ;  it  forms  the  "primordial  cranium/' 

2)  With  this  cartilaginous  skull  there  is  connected,  at  tho  com- 
mencement of  the  alimentary  canal,  a  system  of  arches,  which  is 
likewise  primitively  cartilaginous ;  these  branchial  arches  are,  on 
the  whole,  similar  to  the  ribs  of  tho  vertebral  column,  but  at  the 
same  time  they  are  not  altogether  horaodynamous  with  rib?*.  The 
various  arches  differ  in  form,  but  they  all  give  indications  of  having 
been  primitively  similar.  Their  difference  in  form  is  duo  to  a 
differentiation  which  has  been  brought  about  by  adaptiition  to 
different  conditions. 
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§  340. 

The  relations  between  the  cephalic  steleton  and  the  vertebral 
column  were,  in  past  times,  the  cause  of  attempts  to  show  that  the 
former  was  made  up  of  varioos  eeg^ments  resembHng  vertebra? ;  froin 
this  point  of  view  the  cephaHc  skeleton  seemed  to  bo  merely  a  modi- 
fication of  the  vertebral  column.  It  was  indeed  believed  that  the 
characters  of  the  various  segments  of  the  osseous  cranium  would 
be  of  aid  in  this  comparison ;  as  a  factj  howeverj  these  are  of  very 
uncertain  value,  as  in  dealing  with  them  we  have  to  do  with  a 
condition  which  has  already  been  much  modified.  In  other  words^ 
the  cephalic  bones  which  have  been  said  to  belong  to  three,  four,  or 
five  so-called  "cranial  vertebra?/*  have  had  veiT  different  origins,  and 
ore  for  the  mof^^t  part  structures  which  primitively  did  not  belong  to 
the  cranium. 

The  examination  of  the  primordial  cranium  of  the  lower  Verte- 
brata,  especially  with  reference  to  the  nerves  which  pass  out  from  it, 
shows  that,  although  indications  of  its  primitive  composition  out  of 
metameres,  homodynamous  with  vertebra^  can  be  made  out,  as 
might  ho  supposed  indeedj  yet  this  metamerism  of  the  cranium  is  not 
the  same  as  that  segmentatiow  which  is  faintly  indicated  by  the  bony 
cranium. 

The  view  here  adopted  is  chiefly  based  on  the  following  points ; 

1)  It  can  be  shown  that  the  arches  of  the  branchial  skeleton 
form  inferior  arches  which  belong  to  the  cranium, 

2)  It  follows  that  a  general  agreement  may  bo  made  out  between 
the  visceral  arches  and  the  inferior  arches  of  the  vertebral  column. 

3)  The  cranium  is  comparable  to  a  portion  of  the  vertebral 
column,  which  contains,  at  least,  as  many  vertebral  segments  as  there 
are  branchial  arches. 

4)  In  the  cranium  itself  there  are  a  number  of  important  points 
in  which  it  resembles  the  veti:ebral  column, 

a)  The  chorda  dorsalis  which  forms  the  base-work  of  the 
vertebral  column  passes  through  the  cranium  in  just  the 
same  way  as  it  passes  through  the  vertebral  colimin. 

h)  All  the  nerves  which  pass  out  in  this  segment  are  homo- 
dynamous  with  the  spinal  nerves. 

e)  The  differences  seen  in  the  cranium,  as  compared  with  the 
vertebi'al  column, may  be  explained  as  adaptations  to  certain 
conditions,  which  are  external  to  the  cranium }  that  is, 
as  acquired  arrangements.  They  lead  us,  therefore,  to 
presuppose  a  condition,  in  which  the  cranium  had  not  yet 
acquired  these  peeuliarities,  and  when  therefore  it  did  not 
differ  very  greatly  from  the  vertebral  column. 

5)  The  differentiation  of  the  cranium  appears  thei'efore  to 
be   due    to    the    concrescence   of    a    number    of   vertebra? :    such 
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concrescence  may  also  obtain  in  the  vertebral  c^oluIuu.  Modifi* 
editions  in  the  region,  which  thus  beciimo  continuoas,  were  bronght 
about  partly  by  infi nonces  which  affected  it  Jirectly  from  with- 
out, and  partly  by  influences  which  affected  it  from  within  {the 
development  of  the  brain) » 

(y)  Inasmuch  as  those  nerves  only  can  be  seen  to  have  any 
likeness  to  spinal  nerves  wliich  are  found  in  that  division  of  the 
cranium  which  is  traversed  by  the  notochord,  it  follows  that  this 
portion  only  can  be  derived  from  vertebrae ;  the  branchial  skeleton 
also  belongs  to  this  portion.  We  must  therefore  distinguish  between 
this  portion  of  the  cnininm  which  is  vertebral,  and  the  anterior, 
or  o vertebral,  portion,  which  does  not  exhibit  any  relations  to  the 
vertebne.  This  latter  is  rather  a  Hecondary  formation^  altlnwigh  ifc 
has  had  its  origin  in  the  vertebral  portion. 

The  number  of  vertebne,  which  enter  into  the  composition  of  tho 
craniuraj  are^  so  far  as  we  yet  know,  nine  at  least.  But  this  is  by 
no  means  saying  that  the  number  may  not  have  been  much  larger, 
Such  a  supposition  is  borne  out  by  a  large  number  of  facts  which  are 
known  to  ns  with  regard  to  the  distribution  and  mode  of  origin  of 
the  nerves  in  tho  Selachii ;  and  these  point  also  to  the  atrophy  of 
visceml  arches.  The  arrangement  in  Amphioxus  is  just  as  much  to 
the  point,  for  in  it  a  large  number  of  branchial  arches  are  persistent. 
All  that  portion  of  the  primitive  spinal  column  (notochord  and 
porichordal  tisane),  which  extends  along  the  branchial  framework^  of 
Amphioxus  would  then  be  homologous  with  that  portion  of  the  aicial 
skeleton  which,  in  the  Craniota,  has  passed  into  the  cranium. 

GRaE^SAUR,  0.,  Uiit<;rsuobangeii  zur  vergl.  Anat.  dor  Wirbelthiere.  III.  Dda 
Kopfijkelefc  dor  Selatbior  ala  Gmndlago  znt  BourtheUaug  der  Gencae  des 
Kopfakelotes  der  Wirbelthiem.    Leipzig,  1872* 


SkulL 

§  31-1. 

The  skulls  of  the  Craniota  are  divided  into  two  very  different 
groups.  In  the  one  the  above-mentioned  internal  branchial  skeleton 
is  well  developed^  and  its  most  anterior  segments  take  on  the  form 
of  maxillary  organs,  and  affect  the  form  of  tlie  omnium  by  being 
either  directlyj  or  indirectly,  connected  with  it.  This  arrangement 
obtains  in  the  Gnathostomata*  The  other  form  m  represented  in  the 
Cyclostomata,  in  which  it  is  possible  to  make  out  indications  of  the 
same  arrange raents  in  tho  cephalic  skeleton  as  those  which  ai*e  seen 
in  the  Gnathostomata ;  but  the  differences  are  so  great,  that  it  is 
impossible  to  compare  all  the  parts  with  anything  like  exactness. 

The  notochord  is  continued  into  the  base  of  a  capsule  which 
encloses  the  brain,  and  which  is,  in  comparison  with  other  parts  of  the 
flkeleton  which  are  to  be  regarded  as  belonging  to  the  skull,  of  a 
remarkably  small  size.     In  Petromyzon  two  enlargements  wbida. 


contain  tlie  auditor}' organ  (auditory  capsules)  (/)  are  attached  to  the 
Bides  of  this  capsule  (Fig.  230,  J),  and  below  them  two  divergent 

bars   are   given  off,  which  take  a 

curved  direction  forwainls.  An- 
teriorly, these  are  connected  with 
a  process  which  is  given  off  from 
the  cerebral  capsule.  An  unpaired 
nasal  capsule  (j/)  is  attached  to  tho 
upper  and  anterior  portion  of  this 
latter ;  this  capsule  differs  greatly 
in  furm  in  the  Myxinoidea  and 
Petromyzontcs;  below  this  there  is 
H  broad  i>late  of  cartilage^  which 
has  a  complicated  apparatus  pkced 
below  it,  which  covers  in  the  oral 
opening  from  above  (l  I'  I  m),  and 
forms  a  firm  framework  for  the 
palato-pharyngeal  cavity.  Poste- 
riorly the  capsule  of  the  skull  is 
continuous  with  the  spinal  column. 
The  second  form  of  skull  is  dis- 
tinguished by  being  connected  with 
an  appamtus  which  encloses  the 
openiTig  of  the  mouth,  and  which 
is  developed  from  a  branchial  arch ; 
this  portion  is  more  or  loss  con- 
nected with  the  cranium.  Part  of  it 
forms  the  lower  jaw,  and  is  always  freely  movable  (Gnathostomata). 
This  arch  is  differentiated  into  two  pieces,  which  function  as 
jaws;  an  upper  one,   the  palato-quadrate,  and   a  lower  one,    tho 

cartilaginous  lower  jaw. 
The  pnlato-fiundrate  is 
articulated  with  the  base 
of  the  skull;  but  it 
is  enlarged  horizontally 
backwards,  and  is  con- 
nected with  the  second 
arch  also,  the  upper 
portion  of  which  is 
raovably  articulated  with 
the  sknU.  The  hyoid 
forms  the  lower  portion 
of  this  second  arch. 
As  this  upper  portion 
of  the  second  arch  is 
often  greatly  developed, 
it  gets  the  appearance  of  a  supporting  apparatus  for  the 
two  priniitive  jaw  ports,  which  arc  developed  from  the  first  arch, 
and   is    known   as  the  hyomandibular.     The  rudiments   of    other 


Fig.  239.  Skull  and  coramencenietit 
of  iJie  vcrtelji-al  cohimn  of  Petro- 
myzoo  mar  in  IIS,  A  Medmn  eec- 
tion.  li  Been  from  above,  a  Noto* 
chord,  h  Spinal  canal,  c  Roditnentsof 
the  vertebral  arches,  d  CartilBginoiis 
cranial  cavity.  J '  Metnbmnous  por- 
tion of  tho  cranial  cavity,  e  Basis 
crrinii.  /Anditoiy  capaule,  (7  Naeal 
cupsnlo.  if  Ta  Into  •nasal  pasfage. 
gr  Its  blind  end.  h  Continnation  of 
the  bony  palate,  i  Poi^teriur  cover, 
iog-plate  of  the  mouth,  k  Anterior 
covering-plate.  I  Labial  rinff.  mlts 
a  ji  fiend  ago  (after  J.  Miiller). 


Fig.  240.  Sknllflnd  vipccral  ekeleton  of  a  Selachian 
(Diagram),  off  Occipital  region.  Ja  Wall  of  the 
labyrintb.  eth  Ethmoidal  region,  n  Kaeal  pit. 
u  First,  h  c  Second  labial  cartilage.  0  Snperiori 
n  luferioriiortion  of  the  tnaudibnlar  arch  L  J I  Hy- 
oid aTcb.     Ill—  VllI  (1—6)  Branchial  arches. 
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archea  are  ombecldod  in  the  upper  and  lower  lip,  in  front  of  the 
mandibular  arch  ;  they  are  the  labial  cartilages. 

The  parts,  therefore,  which  are  derived  from  the  branch inl 
skeleton  and  enter  into  closer  relation  with  the  skull  are  these : 

1}  The  two  labial  cartilages  (Fig.  24-0,  a  and  b  c) ;  the  anterior 
one  congists  of  one,  the  posterior  of  two  pieces. 

2)  The  mandibnlar  arch  (I),  which  consists  of  a  superior  piece — 
palato- quadrate  (o),  and  of  an  inferior  piece — lower  jaw  {u), 

3)  Ihe  hjoid  arch  (11)  i  of  this  the  upper  portion  only  (hyo- 
raaudibnlar)  has  any  intimate  relations  to  the  skull . 

We  find  various  cartilaginous  rods  attached  to  all  the  arches, 
except  the  labial  cartilages;  these  are  directed  backwards, and  afford 
support  for  the  brancbial  pouches  ;  they  are  known  as  branchial 
rays.  They  undergo  various  modifications;  they  are  diminished 
in  number  on  the  palato -quadrate,  but  may  be  seen  in  the  wall 
of  the  spiraeular  cleft,  which  represents  a  rudimentary  branchial 
pouch  (spiraeular  cartilage). 

We  shall  treat  of  these  portions  of  the  branchial  skeleton  with 
the  skull ;  the  other  arches  (III — VIII)  will  be  considered  later  on 
(^  353). 

The  arrangement  we  have  described  may  be  seen  in  the  cephalic 
skeleton  of  the  Selachii.  All  its  parts  are  formed  of  cartilage,  which 
is,  as  a  rule,  covered  over  by  a  thin  calcified  layer,  which  however  is 
never  ossified.  In  the  cartilaginous  cranial  capsule  the  most  anterior 
portion  is  formed  by  the  ethmoidal  region.  On  its  inferior  surface 
there  is  a  nasal  pit  (n)  on  either  side.  The  cranial  cartilage  is 
frequently  continued  forwards,  and  between  these  pits,  into  a  process 
(rostrum).  The  succeeding  portion,  with  its  cavities,  forms  the 
orbits,  which  is  overhung  by  cartilage  above  and  behind.  The  next 
portion  {la}  is  the  broadest ;  at  the  sides  this  encloses  the  auditory 
labyrinth,  and  is  continuous  at  its  hinder  surface  with  the  last  of  the 
primary  regions  (occ) ;  in  some  Sharks  (Notidani)  this  hindermost 
region  is  continuous  with  the  vertebral  column* 

Teeth  are  developed  in  the  mucous  membrane  which  covers  the 
palato- quadrate,  as  well  as  in  that  which  covers  the  lower  jaw; 
and  this  explains  why  these  cartilages  are  so  well  developed. 
The  hyomandibular  is  attached  posteriorly  to  the  palato -quad  rate, 
and  is  either  directly  continuous  with  the  lower  part  of  the  hyoid 
arch  (Notidani),  or  is  more  freely  attached  to  it.  The  hyomandibulor 
is  consequently  greatly  developed  in  the  Sharks,  and  is  con  verted 
into  a  kind  of  suspensorium,  by  gradually  gaining  a  closer  connec- 
tion with  the  lower  jaw.  Finally  the  hyoid  portion  ceases  to  appear 
to  be  a  continuation  of  the  hyomandibular;  in  the  Rays,  indeed,  it 
loses  all  connection  with  it,  and  the  hyomandibular  is  then  merely 
the  support  of  the  jaws. 

The  skull  of  the  Chimoeraa  is  very  different  to  this,  for  in  it 
there  is  a  continuous  connection  between  the  palato-quadrate  portion 
of  the  firsit  arch  and  the  cartilaginous  cranium.  The  mandibular 
portion,  which  is  articulated  with  a  process  of  the  cranium,  ia  tb<i 
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only  part  of  the  first  arch  whicli  is  movable.     The  partly  ossified 
skull  of  the  DipnoY  has  just  the  same  characters. 

§342. 

The  cartilaginous  crauium  is  most  completely  retained  in  tho 
Sturioiies  (Fig.  241) ;  in  the  rest  of  tho  Uanoidei  it  is  partly  so  ;  in 
the  Teleostei,  and  oapecially  in  Salmo  and  EsoXj  it  is  more  or  less 
so.  In  most  forms  the  ethmoidal  portion  remains  cartilaginous* 
Henceforward,  and  all  throngh  tho  Vertebrate  phylum,  a  cartilaginoua 
cranium  can  be  made  out  in  the  earhest  rudiments  of  the  akuU ; 
howsoever  modified,  it  may  be  derived  from  the  primitive  condition, 
and  may  therefore  be  regarded  as  a  remnant  of  that  condition. 

The  degenerations  which  affect  this  primordial  cranium  are  chiefly 
due  to  the  ossifications  which  take  place  in  it.  Bony  parts,  which 
perform  the  function  of  organs  of  support  and  protection,  better  than 
cartilage  does^  take  its  place ;  and  the  development  of  these  boneS| 


Fig.  241.  Cppbttlio  skeleton  of  Aoipenser  atari 0{  titter  tho  removal  of  the  ooTor- 
ing  boaea.  r  Rostrum,  n  Nasal  cavity,  o  Optio  foramen,  f  r  Trigeminal  foranien. 
sp  Spinous  prooossea  of  the  anterior  portion  of  the  vcrtebrttl  column,  wMcJi  ia  fiuied 
with  tho  cranium,  p  Palato-qoadrate.  m  Mundibl@.  Hm.  Hyomaadibular.  a  Sym- 
pleotio.    hr  BroDchial  arches,     r  Bibs, 

which  enter  into  connection  with  the  cartilaginoos  cranium,  is  clerirly 
the  cause  of  the  degeneration  of  the  cartilaginous  tissue.  A  higher 
and  more  complete  arrangement  has  ousted  the  lower  one. 

Bony  pieces  become  connected  with  the  cartilaginous  pieces  of 
the  branchial  skeleton,  as  well  as  with  the  cartilaginous  cranium  j 
in  this  way  the  whole  cephalic  skeleton  gradually  passes  from  a 
cartilaginous  into  an  osaeuus  condition*  The  osseous  elements  which 
go  to  make  it  up  are  almost  all  derived  from  the  dermal  structures, 
which  we  met  with  as  dermal  denticles  in  the  Selachii.  S  ome  of 
these  bones  appear  on  the  outer  surface  of  the  carti- 
laginous cranium,  and  form  the  covering  bones  of  the  skull 
(cf,  supra,  §325).  They  are  plates  which  are  formed  in  the 
integument,  and  owe  their  origin  to  the  growth  of  placoid 
ficales;  in  the  Sturiones,  already  a  number  of  them  have 
taken  np  the  same  position  as  that  which  they  retain  in 
the  higher  divisions. 
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Otliers  are  f ormod  in  the  mucous  membrane  of  the  huccal  cavity^ 
that  hj  in  those  parts  of  the  cartilaginous  arches  of  the  mandibular 
and  branchial  Bkeletoii  which  aid  in  fonning  the  boundaries  of  this 
cayitj.  The  origin  of  these  bones  may  be  seen,  in  the 
Amphibiaj  to  bo  due  to  the  concrescence  of  tooth-like 
structureSj  which  are,  indeed,  similar  to  the  dermal 
denticlea,  and  which 
are  also  found  on 
the  covering  of  the 
buccal  and  branchial 
cavities  in  the  Sela- 
chii. 

Dentigerous  plates 
are  formed  by  the  fusion 
of  some  of  these  den- 
ticlesj  and  these  afford 
points  of  support  for 
the  necessary  primordial 
Fikeletnl  deposits,  and 
gradually  become  con- 
nected with  them.  In 
some  of  these  plates  the 
denticles  are  retained ; 
in  others  they  disap- 
pear, or  are  no  longer 
developed,  so  that  their 
product  —  that  is,  the 
bone  —  is  alone  de- 
veloped; and  this,  by 
investing  or  growing 
around  the  cartilage, 
forms  a  perichondrial 
ossification.  The  origin, 
therefore,  of  a  large 
part  of  the  osseous  ce- 
phalic skeleton  can  be 
explained  by  the  relations,  which  the  ossifications  of  the  external 
integument,  and  of  the  investment  of  the  buccal  cavity,  have  to  it, 
The  phylogeny,  however,  of  a  few  of  the  cephalic  bones  is  as  yet 
unknown, 

Hkiitwio,  O.,  XJeber  das  Zaiinsystom  cler  Ampliibieu,     Arch*  f«  tnikr,  Anat. 
Bd.  XI*     Supplement. 

§343. 

With  regai'd  to  the  various  bones,  we  divide  the  primordial 
cranium  into  the  regions  which  we  have  already  distinguished.  The 
occipital  region  is  made  up  of  four  bones*  The  basi-oecipital  is  a 
direct  continuation  of  the  centra  of  the  vertebrae  (Fig.  242,  Oh), 
In  its  hinder  portion  there  is  a  cavity  which  is  filled  by  the  noto- 

2  Q  2 


Fig.  242,  gkuU  of  Salmo  salar,  A  Bido  viow. 
B  Vertical  median  section.  Tho  cJirtilaginonH  pftHs 
are  hatchedi  while  the  bonea  derived  from  tho 
primordial  cranluim  are  dotted.  Oh  Basi^occipitaK 
01  Exoecipital.  0^  6  opra -occipital.  8q  Squa- 
raosaL  Ep  0  Epiotic.  Fr  0  Petrosal  8h  Bosi- 
spheDoid.  Ah  AHsphonoid.  Or  S  Orbito-fiphenoid, 
Fa  PrefrontaL  Fp  PoBtfrontal.  Pr  Frontal. 
Na  Nasal.  Ps  Paraspbeooid.  Vo  Vomer.  Psa  Pre- 
maxina.  (^l  Articular  surface  for  the  Hjoman. 
dibnlar.  Eth  Ethmoidal  cartilage,  vag  Foramen 
for  tbe  exit  of  the  vagus. 
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chord,  and  which  correspoiids  to  the  anterior  cavity  of  the  first 
vertebral  centrum.  At  its  sides  the  exoccipitala  (01)  are  attached  to 
it ;  these  always  enclose  the  greater  part  of,  and  Bometinies  nearly 
all,  the  posterior  foramen  magnum.  The  supra- occipital  (Os)  enters 
into  it  above;  this  is  often  distingaished  by  a  largo  vertical  process, 
which  resembles  the  spinDus  processes  of  the  vertebral  column, 

The  next  segment  partly,  at  any  rate,  encloses  the  kbyriuth,  and 
the  bones  which  compose  it  are  named  in  accordance  with  this  rela- 
tion. The  most  constant,  and  therefore  the  most  important,  is  the 
petrosal  (pro-otic) ;  this  contains,  or,  at  least,  limits  posteriorly,  the 
foramen  of  exit  of  the  trigeminal  nerve.  It  extends  to  tho  base  of 
the  sknll,  where  it  may  become  united  with  its  fellow  of  the  opposite 
side,  within  tho  cavity  of  the  sknll.  The  epiotic  forms  a  second 
piece;  this  is  attached  above  to  the  exoccipitals,  and  generally  forms 
a  projecting  process  (Fig.  243),  A  third  one,  the  opisthotic  (inter- 
^  calare),  generally  lies  to  the  sides 

and  front  of  the  exoccipitat,  and 
varies  greatly  in  character  (Figs. 
243-6),  As  a  rule  this  piece  has 
no  relations  to  the  labyrinth, 
with  which,  however,  other  bones, 
such  as  tho  exoccipital,  very 
frerpiently  become  connected. 
Lastly,  an  external  covering 
piece  of  the  primordial  cranium 
belongs  to-  this  region,  and 
gradually  becomes  closely  united 
with  it.  It  takes  part  in  the  for- 
mation of  the  articulation  for  the 
hyomandibnlar,  and  often  develops  a  process  which  projects  back- 
wards and  outwards*  This  is  the  squamosal  (Figs.  242,  A  Sq  ;  243,  G), 
Great  differences  may  be  seen  to  obtain  in  the  development  of  the 
bones  of  the  next  portion,  which  depend  on  the  size  of  the  cavity  of 
the  Bkull.  Wien  this  extends  far  forwards,  the  walls  of  the  primor- 
dial cranium  are  correspondingly  more  complete,  while,  when  it  is 
reduced  in  size,  its  walls  are  diminished,  and  are  partly  replaced  by 
membranous  structures.  Thus,  in  many  cases,  thei*e  is  a  mem- 
branous interorbital  septum ;  or  bones,  which  are  well  developed  in 
other  forms,  are  present  in  a  rudimentary  condition. 

The  ossifications  of  this  segment  are  tho  altsphenoid  (sphenoi- 
dale laterale  posterius)  at  the  sides  and  behind,  and  the  or  bit  o- 
Bphenoid  (sphen,  later,  anter.)  in  front*  In  Amia,  as  in  many  Tele- 
ostei,  the  latter  are  separated  from  one  another,  while  in  other  forms 
the  pieces  of  either  side  unite  at  the  base  of  tho  cranial  cavity,  and 
at  last  may  fuse  into  one  piece,  or  may  be  rudimentary.  At  the  base 
of  this  segment  there  is  a  basi-sphenoid,  which  is  derived  from  the 
cartilage  of  the  primordial  cranium ;  this  is,  as  a  rule,  a  bone  of  no 
great  size;  it  is  connected  superiorly  with  the  alisphenoid.  When 
the  base  of  the  skull  is  traversed  by  a  canal  for  the  optic  muscles. 


Fig.  24S.  Posterior  portion  of  a  craniiim 
of  Gadus  (eide  view).  1  BBai'i>ocipital. 
2  Eieoccipital.  3  Supra«DCC?ipitaI.  5  Piira* 
Bphenoid.  6  Opiathotio.  6*  SquamosaL 
7  Bpiotic.  15  Prootic.  12  Post  frontal. 
11  Frontal,  c  Articular  eurface  for  tlio 
hjomiuidlbiiljur. 
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whicli  passes  obliquely  backwards  from  tlie  orbit,  tbis  bone  forms  a 
pillar  between  tho  canals  of  either  side.  Not  nnfrequently  it  seems 
to  disappear  altogether.  On  the  ventral  side  of,  and  along  tho  pri- 
mordial cranium  there  extends  tbe  large  parasphenoid  (Figs.  242^  Ps  ; 
243,  5),  which  has  been  already  seen  in  the  Storiones* 

It  is  seldom  that  the  whole  of  the  primordial  cranium  is  retained 
on  the  upper  surface ;  as  a  rule,  there  are  spaces  in  it,  which  nro 
overlaid  by  covering  bones*  Nearest  to  the  posterior  primary  region 
there  are  the  two  pariotak  (Fig.  241,  7)  ;  these  are  sometimes  sepa- 
rated from  one  another  by  an  anterior  process  of  the  supra -occipital 
(3).  In  front  of  them  there  are  the  fi'ontals,  which  are  often  re- 
placed by  a  united  frontal  (11).  At  the  sides  of  this  are  the  two  post- 
frontals  (12),  which  extend  as  far  as  the  squa- 
mosal, and  take  part  in  the  articulation  of  tho 
hyo  mandibular* 

In  tho  ethmoidal  region  there  is  a  median 
piece,  ethmoidale  medium  (16),  to  the  sides  of 
which  the  lateral  ethmoids  are  attached  (14) 
(frontalia  anteriora,  Cdvieb).  The  latter 
foa^m  the  base  of  the  nasal  capsules.  The 
median  portion  of  the  ethmoids  is  often  per- 
manently cartilaginous.  The  vomer  forms  the 
covering  piece  of  the  base  of  the  ethmoidal 
region ;  posteriorly  this  is  united  to  the  para- 
sphenoid ;  it  is  paired  in  Lcpidosteus. 
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Fig.  2M,  Skull  of  a, 
G  a  d  u  s  from  ab  o  ve. 
3  Bupra-occipitnL  4Ep(i- 
otic%  6     SquamosaL 

7  PM-ictaL      11  Frontal. 
12  Pofltfroutal.      14  La- 
teral ethmoid.     16  Me- 
dian ethmoid. 


The  mandibular  apparatus  of  the  Selachii 
is  not  completely  retmned  in  the  Gano'idei  and 
Teleostcij  owiug  to  the  presence  of  bony  struc- 
tures in  its  place.  It  is  complicated  by  the 
union  of  the  hyomandibular  with  the  bones 
formed  from  the  palato-quadrate  cartilage. 
The  primitive  relatiouSj  as  they  are  seen  in  the 

embryonic  condition,  show  that  it  has  been  derived  fi^om  the  arrange* 
ments  which  obtain  in  the  Selachii,  While  the  anterior  ends  of  the 
right  and  left  palato-C[uadrato  bones  are  connected  by  ligament  in  the 
Selachii  and  Sturiones,  in  the  rest  of  the  Gano'idei  ana  in  the  Tele- 
ostei  they  are  attached  to  the  sides  of  the  primordial  cranium^  and 
are  separated  from  one  another  by  the  ethmoidal  region,  the  basal 
surface  of  which  enters  into  the  formation  of  tbe  boundaries  of  the 
buccal  cavity. 

Theliyomandibular  (Fig.  245,  Hm)  is  almost  always  a  large  bone, 
which  articulates  with  the  squamosal  and  postfrontal.  The  sym- 
plectic  (Fig.  241,^)  is  segmented  off  from  it^  in  the  Selachii  this  is 
represented  by  a  process,  but  in  the  Sturiones  it  is  an  inde- 
pendent piece ;  the  lower  portion  of  the  hyoid  arch  is  inserted  at 
the  point  where  the  symplectic  is  connected  with  the  hyomandibular. 
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The  quadrate  (Q)  is  segmented  off  from  the  pakto- quadrate  carti- 
lage I  it  carries  the  glenoid  canity  for  the  mandible*  The  angidated 
ectopterygoid  (Epi)  is  attached  to  the  front  of  the  qoadrate ;  and 
between  it  and  the  hjomaudibular  there  is  the  flattened  and 
ordinarily  qaadrangular  metapterygoid  (Mt).  The  entopterygoid  is 
nearer  the  middle  line  than  the  ectopterygoid ;  finally  the  palatine 
forms  the  most  anterior  end  of  the  palato-quadrate  cartilage  |  it  is 
generally  movably  connected  with  the  skull. 

In  front  of  the  palatine  there  are  two  other  bones,  which  are 
not  preformed  in  cartilage;  the  hinder  one,  which  is  generally 
attf^ched  to  the  palatine,  ia  called  the  maxilla  (Fig.  245,  Me),  and  the 
anterior  one  the  premaxtlla  (Px).  They  appear  as  new  pieces,  which 
henceforward  play  an  important  part.  But  it  is  exceedingly  probable 
that  they  have  their  origiu  in  the  two  upper  labial  cartilages  of  the 
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Fig.  24^5.  Side  view  of  the  cephalic  ekeleton  of  Salmo  aalar  (cf.  Fig.  242,  J). 
^V  Frontal.  N  NwsaL  -u  Nasal  pit.  Pa  Parietal.  Sq,  Squamosal,  i  i  i  i  lufra- 
urbilal  bony  ring.  Mm  Hyoniandibular.  B^  Symplectio  (Bhowo  as  if  it  were  yiaiblo 
from  the  exterior).  Mt  Metapterygoid.  Ept  Ectopterygoid.  Q  Qoadrate.  if*  Max- 
illa. Vre  Pi^Mmixilla.  Art  Articular,  A  tiff  Angular.  D  Dautary.  Op  Operculum, 
FrOii  Preopercnlum,     Sop  Suboperculum,     Jop  Interoportjuluoi.     li^j  Ligament* 


tSelachii*  Sometimes  they  are  freely  movable^  and  eveu  protrusible; 
in  other  cases  they  are  more  firmly  eoniiDcted  with  the  skiilL  This 
13  ei^pecially  the  case  with  the  prejiiaxilla,  which  is  freqiietitly  united 
fii'mly  to  the  most  anterior  portion  of  the  ethmoidal  region.  They 
both  bound  the  orifice  of  the  gape,  but  when  the  premaxilla?  arc 
increased  in  length,  the  mfisilhc  may  be  shut  out  from  any  share  in 
it;  while  convcr,sely,  when  the  premaxillae  are  shortened,  the  maxillaj 
acquire  a  larger  share  in  tins  relation  to  the  mouth. 

In  the  lower  jaw  the  cartilaginous  rudiment,  or  Meckel^  a 
cartilage,  is  very  completely  retained.  It  gives  rise  to  the  dentary 
(D),  which,  as  it  were^  eusheaths  the  cartilage.  The  articular  {Art) 
is  formed  from  the  condylar  portion  of  the  cartilage,  and  below  it 
there  is  the  angular  (Amj).  On  the  imier  face  of  the  bony  lower 
jaw  a  special  bone  is  sometimes  developed  as  a  covering-piece  for 
the  cartilage  ;  thiB  is  the  opercular. 
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§345. 

The  skeleton  of  the  operculum  is  one  o£  the  most  important  of 
the  skeletal  parts  which  are  connected  with,  although  thej  did  not 
primitively  beloug  to,  the  mandibular  apparatus.  In  the  Selachii 
there  are  cartilaginous  pieces,  which  are  sometimes  bifurcated,  in  the 
place  of  this  bonj  skeleton ;  these  are  set  on  both  segments  of  the  hyoid 
arch,  where  they  form  branchial  rays.  This  cartilage  is  covered  in 
by  a  common  membranej  as  is  also  the  bony  apparatus;  the  mem- 
brane is  adapted  to  this  latter,  and  converts  it  into  a  defensive 
arrangeraentj  which  extends  over  the  postjacent  branchial  clefts. 

In  tho  Sturiones  the  first  to  appear  is  the  largest  of  these  bones 
— ^the  operculum ;  and  to  it,  in  the  rest  of  the  Ganoids,  and  in  tho 
Teleostei,  the  other  bones  are  attached  (Fig.  245),  Tho  preoper- 
culum  [Fr  Op)  is  developed  in  the  cartilage  which  connectti 
together  the  hyomandibular  and  symplectic.  It  is  often  more  closely 
united  to  the  constituent  parts  of  the  suspensorinm.  Behind 
tlie  preoperculum  is  the  suboperculum  (Sop),  which  is  present, 
in  addition  to  the  operculum,  in  Ceratodus  ;  and  then  below  it  there 
is  the  interoperculum  (Jop),  which  is  connected  with  the  lower 
jaw  by  a  ligament  (Ug)* 

Accessory  bones  are  formed  from  other  pieces,  which  are 
developed  from  parts  of  the  dermal  Bkeleton ;  the  most  important 
of  these  are  the  infraorbital  bones  (cf.  Fig.  245,  /  I  i  i).  They  form 
a  curved  series  around  the  lower  edge  of  the  orbit ;  the  hindermost 
piece  is  attached  to  tho  postfrootal,  and  tho  foremost  to  the  lateral 
ethmoid.  Some  of  these  bones  acquii-e  a  considerable  size  in  the 
Cataphracta  (Trigla). 

The  nasals  also  belong  to  this  series  of  bones,  in  consequence  of 
their  inconstant  presence ;  there  are  also  many  other  pieces  that  are 
connected  with  the  so-called  mucous  canal  system,  and  which  arc 
modiiications  of  scales. 

Yrouk,  a.  J.,  Ueber  die  Vcrktigcheruiig  n.  die  Knochen  tk»  SobadeU  Hat 
Teieoatei.  Niederliind.  Arcbiv  f.  Zoologie.  I.^Pahkeh,  W»  K.  Develop* 
xueDt  of  the  SkuU  in  the  Saloiou,    PhiloR.  Transact.  1873* 


§  346* 

in  tho  skull  of  the  Amphibia  the  primordial  cranium  is  some- 
times greatly  developed.  It  yery  frequently^  howeverj  loses  its  roofj 
and  also  its  floor,  owing  to  the  formation  of  spaces  in  the  cartilage. 

The  palato- quadrate  ia  directly  connected  with  the  primordial 
cranium  ;  it  is  attached  posteriorly  to  the  auditory  capsule  of  the 
skull,  while  anteriorly  it  forms  an  arch  around  the  orbits,  and  either 
projects  freely  forwards  (as  in  the  Urodela),  or  is  connected  with 
the  cranium  in  the  ethmoidal  region*  Behind,  and  at  the  sides,  it 
carries  the  glenoid  cavity.  It  presents  therefore  those  relations 
which  were  seen  in  the  Chimeertej  and  in  the  Dipnoi ;  and  there  are^ 
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indeed,  many  ossifications  in  the  cranium  of  th©  Amphibia  which 
resemble  those  in  the  DipnoT. 

Tlio  primordial  cranium  gives  rise  to  a  few  bones  only.  In  the 
posterior  primajrj^  region  the  exoccipitals  alone  ai^o  present  (Fig.  246); 
eacli  of  these  gives  rise  to  a  condyle  (co).  The  next  region  of  the 
auditory  capsule  presents  largo  lateral  processes,  which  are  attacheti 
more  exteriorly  to  the  hinder  portion  of  the  palato- quadrate.  The 
anterior  portion  of  this  segment  is  provided  with  an  ossification,  the 
proottc.  This  contains  the  anterior  portion  only  of  the  labyrinth, 
the  hinder  portion  of  which  is  contained  in  the  exoccipital ;  it  also 
foi-ms  a  foramen  for  the  trigeminus.     There  are  sometimes  indica- 


Kg.  24fl.  Sknll  of  the  Frog.  A  from  above*  B  from  below,  C  from  behmd.  D  from 
tho  Bide,  In  .4  and  B  tbo  covering  bonea  are  removed  from  the  right  half  of  the 
cranium,  no  that  the  whole  of  the  prioiDrilial  cranium  nml  its  oesiJBcatioaa  can  l>e  gccn* 
and,  m  A,  the  b paces  in  the  roof  of  the  cranial  cavity.  Pa  Fr.  Fronto-pariet&ls. 
Na  Kasah  Ps  Pankspbonoid,  7'y  Tympanic*  Ft  Pteryg<jid.  PI  Palatine.  To  Vomer. 
J  JngaL  Mj'  MELxilla.  Pj?  Promaxina.  o  Exoccipitah  Pe  Frootio.  co  Occipital 
condyle,  Co  Col nmella*  /(?  Fenestra  ovalia*  Exit**  of  the  ncrA^cs  :  0  Optic.  Tr  Tri- 
gcmintia*    Vj  Vagne.    la  the  lower  Jaw :   da  Dentarj.     o  An^lar.    Art  Articular, 


tions  of  an  epiotic.  The  fenestra  ovaha  is  a  cleft  in  the  region  of 
the  labyrinth,  which  is  covered  over  by  a  small  piece  of  bone. 

In  the  anterior  portion  of  the  orbital  region  there  are  sometimes 
more  or  leas  extensive  ossifications.  They  either  embrace  the  lateral 
wall  only  of  the  cranium  (Siredon),  or  form  a  circular  piece  of  bone,  to 
which  Cnvier  gave  the  name  of  ^^  girdle-bone;"  This  booe  raaj 
extend  into  the  ethmoidal  region^  and  even  reach  to  the  base  of  the 
nasal  capsules. 

The  paired  parietala  and  frontak  arc  covering  bones.  In  the 
Anura  these  fuse  together  on  either  side  to  form  a  fronto-parietal 
(Pa  Fr),  In  front  of  thesOj  and  separated  from  one  another  by 
the  frontals,  are  the  nasals,  which  we  now  meet  with  as  constant 
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bones  for  the  first  time*  At  tlie  base  of  the  skull  ia  the  parasphenoid 
(Fn],  which  still  retains  yery  miich  the  same  characters  as  it  had  in 
Fishes,  and  in  front  of  this,  and  in  the  ethmoidal  region,  there  is  a 
paired  bone  (vo),  which  ia  regarded  as  the  vomer. 

The  palato- quadrate  is  more  simple  in  character  than  in  Fishes. 
The  whole  piece  sometimes  remains  for  the  most  part  in  a  cartilaginous 
conditioQ.  An  ossification  at  the  point  where  it  articulates  with  the 
lower  jaw  corresponds  to  the  qnadrate  of  Fishes,  In  many,  tho 
pakto-quadrate  is  divided  into  an  anterior  and  a  posterior  portion 
(Triton).  It  is  not  completely  united  with  the  cranium,  for  there  i.s 
a  distinct  articular  surface  on  its  lower  portiouj  between  it  and  the 
cranial  capsule  (Rana). 

There  are  two  covering  bonea  on  tho  palato- quadrate  cartilage; 
the  upper  one  (Tii)  is  distiiiguishedj  in  the  Frog,  by  tho  possession 
of  a  strong  process,  which  is  directed  forwards,  and  which  probably, 
though  by  no  means  certainly,  corresponds  to  the  squamosal  of 
Fishes.  As  it  aids  in  supporting  the  tympanum,  it  may  bo  called 
the  tympanic.  The  lower  bono  is  the  pterygoid  (Pi),  and  it  extends 
forwards  along  the  cartilaginous  arch.  Its  anterior  end  reaches  aa 
far  as  the  palatine,  which  lies  transversely  behind  the  vomer  {P0» 
In  some  of  the  Amphibia  another  bone  is  continued  forwards  in 
front  of  the  glenoid  cavity ;  this  is  the  so-called  jugal  (quadratojugal). 

The  premaxillae  {P.t)  and  maxilla  {M.c}  appear  as  covering  bones 
of  the  primordial  cranium;  relations  which  obtain  in  many  Fishes 
lead  to  this  condition.  The  maxilla  varies  greatly  in  the  extent 
to  which  it  is  developed  laterally ;  in  the  Anura  it  ordinarily  extends 
as  far  back  aa  the  jugaL  The  premaxilla  is  connected  with  tho 
primordial  cranium  by  a  process  which  projects  forwards  ia  the 
middle  of  the  nasal  region. 

These  maxillary  bonea  did  not  primitively  bound  the  opening  of 
the  mouth,  aa  the  presence  of  special  cartilages  (rostral  and  adrostral) 
in  front  of  the  primordial  cranium  of  the  larvoe  of  Anura  distinctly 
shows. 

In  the  lower  jaw  the  primordial  cartilage  is  present,  as  in  Fishes, 
and  bony  parts  are  developed  in  connection  with  it^  which  essen* 
tially  correspond  to  those  of  Fishes. 

Pabkee,  W.  K.,  Dovelopmetit  of  the  Skull  in  tho  Frog.     Philos.  Trans.  1871.— 
WiEUERSiiEiM,  R.J  Dm  Kopfskelet  der  Urodelen.     Morphul.  Jahrb.  HI. 


§   347. 

Tlie  slculla  of  the  Sauropsida  have  much  in  common  with  one 
another,  whilst  they  are  far  removed  from  the  skulls  of  the  Am- 
phibia, and  from  those  of  the  Mammalia, 

The  primordial  craninm,  as  a  mlo,  has  the  roof  incomplete,  hot 
it  is  much  more  completely  ossified  than  in  the  Amphibia,  while  the 
great  size  of  the  bones  which  are  developed  in,  and  from,  tho  palato- 
quadrate  cartilage  leaves  but  a  small  portion  of  the  true  cranium 
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Fi^.  2i7,  Skull  of  a 
Chelcviiiau  gcen  from 
behind.  1  Basi-occipitaL 
2  ExoccjpitaL  3  Supra- 
occipital.  5  Bai&i.spbe- 
Doid.  15      Proof  ic. 

17  Quadrate. 


visible.  The  greater  development  of  the  craDial  ciipsule  in  Birda  m 
tlie  cause  of  its  parts  being  more  distinctly  visible  than  they  are  in 
Reptiles. 

In  the  occipital  region  vfe  can  make  ont  the  four  bones  which 
were  present  already  in  Fishes.  Of  these,  the  basi- occipital  and  the 
exoccipitals  take  part  in  the  formation  of  a  single  occipital  condyle. 
The  relation  that  the  bones  have  to  the  foramen  magnum  varies  a 
good  deal.  In  the  Chelonii  the  j^upni-occipitjil  is  continued  into  a 
large  crest.  Ar  in  the  Amphibia  there  is  a 
fenestra  ovalis  in  the  os.sconB  auditory  cap- 
sule; and  in  addition  to  it  there  is  a  ft-nestra 
rotunda^  which  is  closed  by  membrane.  In  all 
Birds  and  Reptiles  the  petrosal  (prootic)  lies 
in  front  of  the  exoccipital;  ita  anterior  edge 
is  distinguished  by  the  foramen  for  the  third 
branch  of  the  trigeminal.  Another  bone  (opis- 
thotic)  unites  with  the  prootic  to  form  the 
boundary  of  the  hinder  portion  of  the  fenestra 
ovalis  ;  but  it  does  not  remain  separate  in  any 
but  the  Chelonii,  as  in  other  forms  it  fuses 
with  the  exoccipital.  In  addition  to  these, 
there  are  several,  and  in  Birds  numerous,  ossifications  which  are 
independent  for  a  short  time;  these  cannot  be  definitely  regtu^ded 
as  similar  to  any  distinct  cranial  bones  in  the  rest  of  the  Vertebrata, 
In  Birds  all  the  constituents  of  the  auditory  capsule  fuse  with  the 
neighbouring  bones,  as  well  as  with  one  another. 

In  the  Ophidii  the  squamosal  (Fig.  249,  C  Sq)  ia  a  projecting 
boiie^  wliich  caiTies  the  quadrate.  In  other  Reptiles,  and  in  Birds  it 
has  the  same  position,  but  is  more  embedded  between  the  auditory 
capsnlCj  parietals,  and  post-frontalj  and  is  partly  set  in  the  roof  of 
the  tympanic  cavity. 

The  sphenoidal  segment  varies  in  size  according  to  the  extent  of 
the  cranial  cavity,  A  basi-sphenoid  is  generally  present^  as  is  also  the 
prcsphenoid,  which  is  ordintu^ily  small ;  the  parasphenoid  is  no  longer 
developed.  Two  bones,  however,  which  are  seen  at  the  base  of  the 
temporal  region  in  Birds^  and  which  fuse  with  one  another  (basi- 
temporals),  may  be  regarded  as  parts  of  a  parasphenoid.  In  Bii'ds 
there  is  an  alisphenoidj  and  also  an  orbito-sphenoid — in  the  Ratitse,  at 
leasts — which  represent  the  side-walls  of  the  skull.  The  Crocodilini, 
alsoj  are  provided  with  an  alispbenoid.  In  most  of  the  Saurii, 
however,  there  is  an  interorbital  membranous  septymj  in  which 
indications  merely  of  this  bone  can  be  made  out. 

In  the  Saurii  (Laccrta,  Varanns,  Podinema)  there  is  a  bone  which 
extends  from  the  parietal  to  the  pterygoid  (columella)  (Fig.  248, 
^1  co) ;  in  the  Chelonii  this  is  represented  by  a  broad  plate  of  bone, 
which  passes  straight  down  from  the  parietal,  and  which  takes  a 
share  in  the  limitatiuii  of  tlie  cranial  cavity  j  in  the  C)phidii  there  is 
a  similar  process,  which  embraces  the  cranial  cavity,  and  extends  on 
tn  the  frontal. 
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The  coverittg  boues  are :  tlie  pariatak,  whicli  aro  paired  (Clieloaii 
and  Aves),  or  unpaired  {Ophi- 
diij  Saariij  Crocodilini)  (Fig, 
2i8,  Fa).  The  frontal  also 
is  unpaired  in  most  of  the 
Sauriij  and  in  the  Crocodilini 
(Pig,  2  i8,  B  Ft).  It  is  paired 
in  Lacerta  and  Monitor  (Fig, 
248,  A  Fr),  and  in  the  Ophi- 
dii,  Chelonii,  and  Aves*  In 
the  Reptiha  the  postfrontals 
limit  the  posterior  edge  of 
the  orbit  (Figa.  248,  Pfi  U% 
B  0  FJ), 

In  the  middle  of  the 
ethmoidal  region  there  is  a 
considerable  remnant  of  the 
primordial  cranium  (Chelonii)* 
The  lateral  ethmoids  (pre- 
frontals) bound  the  anterior 
edge  of  the  orbit  in  Reptiles  ; 
iu  Birds  they  appear  to  be 
connected  with  the  median 
portion  of  the  ethmoid.  The 
vomer  ia  paired  in  the  Ophidii 
and  Saurii  (Fig.  250,  1^),  The 
nasals  are  almost  alwajsabseut 
from  its  upper  surface  in  the 
Cholonii,  and  in  some  of  the 
Saurii.  A  new  covering  bone 
which   is   seen   on    the   outer 

face  of  the  ethmoidal  capsule  is  the  lachrymal ;  it  is  found  in  most 
Sauiiij  Crocodilini,  and  Aves  (Figs.  248,  249,  i). 


Fig.  24d.  Sktill  of  Eeptilia;  seen  from 
aboire.  A  Mod  it  or.  B  Crocodilo.  Os  Supra- 
occipital.  C  Occipital  Condyle.  Pa  Parietal 
P/FostfroutaL  Fr  Frootal.  Pr/ ^re-frontal. 
L  LachrymaL  N  Nasal.  Sq  Squamoflal. 
Qj  Quadratojugal.  Jti  Jugah  Q  Qaadrato. 
Mj!  Maxilla.     PJi  Pmmaziila*     co  Columella. 


$  348. 

The  auterior  portion  of  the  primitive  palato-qnadrate  caHilage 
undergoes  atrophy  yery  early,  so  that  the  bonea  which  belong  to  it 
are  partly  developed  on  the  skull  itself.  The  hinder  portion  of 
the  pala to- quadrate  persists  as  the  quadrate  (Fig,  SW,  Q),  The 
quadrate  is  movable  in  the  Saurii j  Ophidiij  and  Aves^  while  in 
the  Ghelonii  and  Crocodihni  it  is  firmly  united  to  the  akulL  Tlie 
whole  complex  of  bones,  which  is  differentiated  in  the  palato- 
quadrate  cartilage,  is  intiuiately  and  immovably  connected  with  the 
cranium,  while,  when  the  quadrate  bone  is  movable,  some,  at  least, 
of  these  bones  are  also  so. 

Another  chanicter  is  due  to  the  development  of  the  nasal 
cavity  (see  also  §  41  a).  The  bones,  which  iu  Fishes  are  placed 
at  the  sides   of    the    base    of    the  skull,   extend  to  the  middle 


4G0 


COirPAEATrVE  AIS^ATOin^ 


line,  so  that  the  base  of  tlie  skall  is  more  or  less  shut  off  from  taking 
any  part  in  hounding  the  buccal  cavitj.  The  nasal  cavitiesj  which 
in  the  Amphibia  lead  into  the  buccal  cavitj  at  the  very  anterior 
edgo  of  the  skull,  have  Iheir  internal  orifices  always  placed  farther 
back  in  the  Reptilia,  owing  to  tho  union  of  the  horizontal  processes 
of  tho  maxilha?,  palatines!,  and  pterygoids  in  the  middle  line,  and  in 
front  of  thein.  In  this  way  the  nasal  is  more  completely  shut  off 
from  the  buccal  cuvity,  and  forms  an  upper  cavity,  the  base  of  which 
the  roof  of  the  mouth — that  i?,  h  the  '^  hard   palate/^     These 


Fig,  249,     Side  views  of  BktillB.     ,4  Strut  hi  o.     1/ Crocodilns.    C  Python.    Olllx^ 
imiiipliaL    U*r  Supm-occipital.    17  Ptorygoid.    J'fl/ Palatine-    Tr  TruDBVpri^p.    Co?  Colu- 
mella,   foi*  Ftinestra  ovalia.    ^S'  Foratneu  for  the  trigeminal  nerve*    The  other  letters 
as  in  the  preceding  Bgurea, 


changes  are  least  marked  in  the  Sanrii^  Ophidiij  and  Aves^  more 
BO  in  the  Cheloniij  and  most  completely  po  in  the  CrocodiHni, 

The  parts  that  form  the  suepenaorium  in  Fishes  (hyomandibular 
and  symplectic)  have  nndergoiie  just  the  same  fate  as  in  the 
Amphibia;  or,  in  other  wordfc^,  tliey  have  no  longer  any  relation  to 
the  cephalic  skeleton.  The  *' colnuiella  auris'*  and  tho  pails  con- 
nected with  it  are  developed  from  its  mdiments^  partly  a  bony,  and 
partly  a  cartilaginous  skeletal  bit  which  has  entered  into  the  service 
of  the  auditory  organ. 

When  the  quadi^ate  is  niovably  united  \^ith  thv  skull  (Ophidiij 
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Saarii,  Avea),  articulations,  more  or  less  well  developedj  appear  in 
tliose  parts  of  the  maxillo-palatino  apparatus  which  aro  attache d  to  it. 
These  are  not  present  in  the  Crocodilioi  and  Ghelonii,  where  the 
quadrate  13  jammed  between  the  squamosal  and  the  bones  of  the 
auditory  capsule*  Sphenodon  presents  an  intermediate  arrangement; 
its  skull  is  on  the  Saurian  type,  but  the  quadrate  is  firmly  united 
with  the  pterygoid  and  squamosaL 


I 


§  349. 

Two  sets  of  bones,  which  extend  forwardsjare  attached  to  the  quad- 
rate, just  as  in  the  Amphibia.  Nearer  the  middle  line  we  find— in 
Birdsj  Serpents,  and  Lizards 

—the  pterygoid  (Fig.  250,  A  ^ 

Pi)  articulated  with  the  base 
of  the  cranium.  The  two 
bones  are  united  suturally 
in  the  middle  line  in  the 
Chelonii  and  Crocodilini,  and 
are  also  firmly  attached  to 
the  base  of  the  skull  (Fig, 
251,  Pi)  ;  in  the  latter  they 
bound  the  posterior  nares. 
In  the  Ophidii,  Saurii,  and 
Crocodilinij  there  is  an  ex- 
ternal pterygoid  (Os  trans- 
versum,  Figs.  250,  A  Tr ; 
251,  B  Tr)  which  connects 
the  pterygoid  with  the 
maxilla;  it  is  uncertain 
whether  this  corresponds  to 
the  ectopterygoid  of  fishes. 

In  front  of  the  ptery- 
goid lie  the  palatines  {Pal} ; 
in  the  Chelonii  and  Croco- 
dilini they  are  united  su- 
turally in  the  middle  line, 
but  in  the  Ophidii,  Saurii, 
and  Aves,  they  are  separated 
from  one  another  aud  form 
the  lateral  boundaries  of 
the  posterior  nares  {Fig. 
250,  Pal),  In  the  Chelonian 
skull  the  vomer  (Fig.  251,  A  Vo)  reaches  to  the  roof  of  the  cavity 
of  the  mouth  and  lies  between  the  palatines,  wiiile  above  the  nasal 
cavity  the  palatines  unite  together  at  the  base  of  the  cranium*  In 
Birds  the  palatines  are  genemlly  long  and  fiat  bones  (Fig.  250,  B 
Pal),  which  are  connected  at  their  anterior  end  with  a  process  of 
the  maxilla  (Mx")^  or  fused  with  a  process  of  the  premaxilla. 


Fig.  250.  Yiow  of  the  Imso  of  tho  akuU.  A  Of 
Monitor.  B  Of  Strutliio.  Ob  Baai -occipital. 
0  Occipital  con d J Itj,  01  Eioccipital.  Sp&  Basi- 
pphenoid.  Q  Quadrate.  Pi  Pterygoid.  Tr  Tmna- 
verse.  Pal  Palatine.  V  Vomer.  Qj  Qtiadrato- 
JDgaL  /»  jDgal.  Ifx  Maxilla,  it/j;  Its  mediaa 
process.     P«  PreinaxUla, 
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In  most  Saurii  (and  in  Chelys  among  the  Chelonii),  as  in  tho 

^irds,  tlie  premaxillED  are  fused  together;    in  the  latter  they  are 

^Sfitinguished  by  the  possession  of  a  long  frontal  process.      Tlieir 

size  is  correlated  with  that  of  the  beak,  the  form  of  which  is  largely 

due   to    the  sharo 
B  that  they  take  in  it* 

They  are  mdiraen' 
tary  in  the  Ophidii 
(Fig.  249,  0  Fx) 
and  small  in  the 
Chelonii,  The  max- 
illa therefore  forms 
the  greater  portion 
of  the  boundary 
of  the  edge  of  the 
lower  jaw  (Mx) ; 
this  bone  is  of  great 
size  in  the  Croco- 
dilini  and  Sani-ii, 
and  very  large  in 
the  Ophidiij  in 
which  also  it  is 
capable  of  a  large 
amount  of  raoye- 
ment. 

There  is  a  lateral 
series  of  bones  at- 
tached to  the  quad- 
rate. The  first  of 
these  is  the  quad- 
rato-jngal ;  this  is 
absent  in  the  Ophi- 
dii. In  the  Saurii 
it  is  connected  with 
the  quadrate  at  tlie 
point  where  this 
"bone  is  united  to  the  skull.  It  is  continued  foi'wards  into  a  second 
piece,  winch  is  partly  connected  with  a  post-frontal,  and  partly 
with  a  jugal  which  passes  ronnd  the  lower  edge  of  the  orbit.  In 
Birds  the  quadnito -jugal  (Fig.  250,  B  Qj)  is  a  slender  piece  of 
bone,  which  arises  from  the  Bide  of  the  mandibular  joint  of  the 
quadrate.  In  the  Chelonii  and  Crocodilini  it  is  connected  with  a 
larger  portion  of  the  quadrat e^  and  supports  the  jugal,  which  aids  in 
bounding  the  orbit. 

In  all  cases  the  lower  jaw  is  aiiiculated  to  the  quadrate,  and  is 
made  up  of  the  same  parts  as  in  Fishes,  to  which,  however,  a  supra- 
angular  and  a  complementary  bone  are  added  on. 

In  the  Chelonii  and  Aves  the  two  dentarics  fuse  very  early ;  in 
Birds  the  other  bones  retain  indieationa  merely  of  their  primitive 


Fig.  261.  View  of  the  baso  of  tho  ekaXI.  A  Of  Ch  Glonin» 
B  Of  Crocodiliis.  Oh  Buei-occipitnl.  01  Exocoipital. 
0  Occipito!  condyle.  Bph  Basi^Bphenoid.  Opo  Opisthotio. 
Ft  Pterygoid.  Pal  P&latino.  To  Vomer,  Q  Quadrate. 
Qj  Quadrato jugal.  Tr  TranHverae.  Mx  Maxfllo.  Px  Pn?- 
maxilla.  Fa  Pariotal.  Pfr  Poflt-f rental.  JV  Frontal. 
Ch  PoBterior  narcB.    E  Eustac^an  tube. 
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separation.      The  two  lial\re3  of  the  jaw  are  movablj    connected 
together  in  the  eurjstomatoas  Ophidii. 

Parkbr,  W.  K.,  Stractmro  and  doi^elopnisnt  of  the  ekall  ia  the  Ostnch  tribe, 
Pbilos.  Trans,  1866. — The  sanio,  Oa  the  straoture  and  develop taeni  of  tho 
BknU  of  the  comoioa  F^>wl.     Pbil.  Trans.  1869, 

5   350. 

In  the  Mammaliau  skull  tho  cartilaginous  primordial  craoinm  is 
ordinarily  developed  in  the  basal  region  only,  and  limited  to  the  early 
stages  of  development.  That  part  of  tho  skull  which  is  derived 
from  the  cartilaginous  cranium  is  in  this  gronp  also  to  be  distingQiahed 
from  the  parts  which  are  developed  from  other  elemeiitsj  bat  it 
becomes  intimately  coi|- 
nectod  with  them*  As 
a  capsule  for  the  brain 
it  is  itself  larger,  and 
is  enclosed  by  a  larger 
number  of  bones.  It  is 
more  distinctly  divided 
into  different  segments 
than  it  is  in  the  lower 
divisions,  but  this  must 
be  regarded  as  a  secon- 
dary adaptation  (§  340), 

In  the  occipi^  seg- 
ment the  lateral  pieces 
(Pig,  252,  01)  always 
unite  with  a  part  of  the 
basi'occipifcal  (Fig.  253, 
Ob)  to  form  the  posterior 
occipital  condyles,  by 
which  they  bound  the 
foramen  magnum,  while 

superiorly  they  enclose  between  them  the  supra-occipital  (Os),  This 
latter  may  be  shut  out  from  the  edge  of  tho  foramen  magnum.  Tho 
four  pieces  almost  always  fuse  together,  but  they  may  remain  long 
separate  (Marsupialia),  In  many  Mammals  (several  Marsupials, 
Ungulates,  etc.)  the  exoccipttals  send  down  long  processes  (pm) 
(Paramastoid  processes). 

In  the  region  of  the  audit<>ry  capsule  separate  ossifications  in  the 
cartilaginous  portion  can  be  seen  in  the  earliest  stages  only,  Thoy 
form  centres  of  ossification  which  partly  correspond  to  the  bones  in 
Fishes  and  Reptiles;  these  soon  fuse  into  a  single  piece,  the 
petrosal  (.Pe),  the  greater  part  of  which  gets  to  be  plaeed  at  tho  base 
of  the  cranium  as  the  skull  grows  out  laterally.  Tho  lateral  portion 
of  the  petrosal  is  overlaid  by  other  bones,  which  are  developed  from 
the  metamorphosis  of  the  branchial  skeleton,  and  becomes  converted 
into  the  middle  wall  of  the  tympanic  cavity,  in  which  there  is  a 


Pig.  252.  Lateral  view  of  tho  cerebral  portion  of  tho 
Skull  of  It  Goat,  01  Exoecipital.  0»  Sapra-occlpitaL 
Jp  IntorparietaL  Pa  Parietal.  P«  PetroaaL 
8q  Sqnamosftl.  Ti/  Tympanic,  ^^pb  Baai-aphenoid, 
An  Atisphonoid.  Ors  Orbito^apheamd.  Fr  FrontaL 
Na  NftsaL  L  Lachrymal  Jii  JitgaL  Ifj  SlaxiJiarQ 
Buperias.  Pal  Palatine,  Pt  Pterygoid,  pm  Para- 
mastoid process.   H  Styloid  process. 


464 


CO^TTAEATIYE  .WATOMY. 


fenestra  rotunda  as  well  as  a  feDcstra  ovalis.  Tho  posterior  portion 
of  the  petrosal,  whicli  h  likewise  ossified  from  an  independent  centre, 
is  attached  to  the  sides  of  the  exoccipitalsj  and  is  distinguished  aa 
the  mastoid  portion,  in  consequence  of  its  carrjing  the  mastoid 
process  in  Jfan.  Superiorly,  the  squamosal  (Sq)  m  attached  to  tho 
petrosal,  and  is  sometimes  fused  with  it  to  form  the  temporal  bone, 
of  which  it  then  foi-ms  the  ^'squamous  portion."  In  some  forms  it 
is  completelj  shut  out  from  the  cranial  cavity;  in  others  a  small 
portion  only  can  be  seen  from  the  inner  surface  of  the  skull  {Cotacea, 
Ruminants),  It  is  in  the  Primates  only  that  this  portion  is  of  any- 
great  size,  and  this  leads  to  the  well-known  arrangement  which  is 
seen  in  Man.  A  process  (zygomatic  process)  of  tho  squamosal  which 
is  directed  forwards,  takes  part  in  the  formation  of  the  jugal  arch. 

In  fi*ont  of  tho  temporal  region  ia  the  sphenoidal  region,  which 
is  made   up   of    two    perfectly   developed   segments,      Tho   basal 

piece  of  the  liinder 
one  (basi-Bphenoid) 
{Fig.  25:3,  Sph)  abuts 
directly  on  the  basi- 
occipital,  and  can-ies 
at  its  sides  the  alto 
temporales  (ali- sphe- 
noids). The  presplie- 
uo  id  with  its  a  ho  orbi- 
t ales  {orbito-sphen oi d ) 
(Ptf)  lies  in  front  of 
the  basi  -  sphenoid. 
Tho  two  median  pieces 
are  separate  through- 
out life,  or  for  a  long 
time,  in  Mammals* 
In  Man  they  fuse  yer 
early  to  form  the  so*^ 
called  body  of  the 
sphenoid. 

In  the  roof  of  the  skull  we  again  find  the  well-known  covering 
pieces,  Tvhich  increase  in  extent  as  the  cmnial  cavity  grows  larger. 
The  parietals  (Figs.  252,  258,  Pa)  are  often  fused  together  (in  the 
Monotremata,  many  Jlarsupaalia,  the  Ruminantia,  and  Solidungula). 
Between  thenij  a  special  bone,  which  marka  ofE  the  supra- occipital, 
projects  from  behind  forwards ;  this  interparietal  is  generally,  as 
in  the  Primates,  fused  with  the  supra-occipital  (Figs.  252,  253,  Jp), 
but,  at  times,  with  the  parietals  (Rodentia  and  Riiminantia). 

The  frcmtals  (Fr)  are  attached  to  the  a!a3  orbitales ;  they  are 
always  paired ;  they  are  fused  in  some,  as  in  Elephas,  Rhinoceros, 
and  also  in  the  ProsimiaE^,  Insectivora,  Chiroptera,  and  Primates. 

The  most  anterior  segment  of  the  primordial  cranium  presents 
the  most  important  modifications.  It  is  developed  into  the  \val!  of 
the  nasal  cavity  owing  to  the  fomiation  of  various  laterally  and 


Fig-  2&3.  Vt'rtital  mcdiaii  section  throiigli  tlio  bbuib 
•kiilK  Oh  niwi-occiijital  P»  Vrc^phcmmth  Eth  Eth- 
mokl  (vertical  plute  of  tho  cribriform  bono,  the  anterior 
edge  of  which  ie  continued  into  the  ^ftrtiliiginons  pnr- 
titioDS  between  the  luirea,  wkich  in  not  aeon  m  thia 
fignro).  Eth  Tnrhinato  bones.  To  Vomer.  ^/ Front nl 
BiniiB,     The  otber  lettera  as  in  the  preceding  fignre. 
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iiiwartlly  projecting  processes.  Below  it^  lie  the  skeletal  parts  af 
the  maxillo-palatine  apparatus^  and  to  these  a  inedian  lutiiolla  of 
cartilage,  which  forms  the  wall  of  partition  of  the  nasal  cavity,  is 
sent  down.  The  vomer  is  developed  aa  an  investing  hone  on  this 
plate  (Fig.  253,  Ft*),  Two  ethmoidal  pieces  are  formed  by  the 
ossification  of  the  two  lateral  halves  of  the  ethmoidal  cartilage,  and 
of  the  lamellar  processes  (turbinate  bones),  which  are  given  oif  from 
it.  They  bound  a  portion  of  the  cranial  cavity  in  front  of  the  pre- 
sphenoidj  and  are  fenestrated  to  allow  for  the  passage  of  the  olfactory 
nerve.  In  Ornlthorhynchns  there  are  only  two  orifices  in  this  region, 
but  they  are  many  more  in  all  other  forms,  no  that  this  portion  is 
converted  into  the  cribriform  plate.  An  unpaired  bone  is  formed  by 
the  fusion  of  the  two  lateral  halves  with  the  median  piece  (lamina 
perpendicularis)  (Fig.  253,  Eih), 

The  turbioala  vary  greatly  in  character,  and  by  the  development 
of  multi-ramified  lamellfe  aid  in  increasing  the  size  of  the  nasal 
cavity.  The  ethmoidal  segment  is,  as  a  rule,  covered  by  other  bones, 
and  especially  by  those  which  form  the  maxillo-palatine  apparatus ; 
and  that  to  such  an  extent  that  no  part  of  it  at  all  can  bo  seen 
from  tho  outside.  Except  in  some  Edentata,  it  is  in  the  Primates 
only  that  a  portion  of  the  lateral  surface  reaches  to  the  median 
boundary  of  the  orbit,  where  it  forms  the  "  lamina  papymcea/^ 

The  lachrymals  and  the  nasals  form  the  investing  bones  of  the 
outer  surface  of  the  ethmoidal  region.  The  former  (L)  are  less 
constant,  and  often  seem  to  pass  into  the  neighbouring  bones,  so 
that  they,  as  for  example  in  the  Finnipedia,  are  absent  as  separate 
pieces.  They  are  wanting,  also,  in  the  Delphiaoidea.  As  in  Hep  tiles 
and  Birds  they  form  part  of  the  anterior  wall  of  the  orbit,  and  also 
appear  on  the  facial  surface  of  tho  skull,  from  which  they  extend 
backwards  to  the  median  wall  of  the  orbit,  in  the  Primates, 

As  to  the  nasals  (Na),  they  exhibit  merely  subordinate  variations, 
which  are  expressed  partly  by  degeneration  (Cetacea),  partly  by  a 
considerable  increase  in  size.     Their  size  is  proportional  to  that  of 
i  the  nasal  cavity,  and  is  correlated  with  an  elongation  of  the  facial 

f  portion  of  the  skulL     They  are  small  in  the  Primates. 


§  351. 

The  most  iroportant  peculiarities  in  the  Mammalian  skull  are 
seen  in  the  part  which  is  developed  out  of  tho  primitive  branchial 
skeleton.  A  bone  which  coiTesponds  to  the  quadrate  lies  on  the 
outer  surface  of  the  auditory  capsule.  It  forms  an  auditory  ossicle, 
the  incus. 

The  skeletal  parts,  which  are  developed  in  front  of  the  quadrate, 
and  along  the  base  of  tho  skull,  are  intimately  connected  with  tho 
cranium. 

The  pterygoids  (Fig.  253,  Pf)  are  generally  flat  pieces  of  bone, 
which  are  placed  on  the  inner  surface  of  tho  large  processes  which 
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are  developed  from  tlio  b£Lsi-spbenoid.  They  form  the  side- walls  of 
the  posterior  nares,  aud  may  also  h'mit  those  orifices  below  by 
uniting  together  in  tlio  roof  of  the  palate  (in  Echidoaj  Diiaypiis,  and 
some  Cetacea)*  In  most  ManiTnals  they  nrc  permaneatly  dintinct, 
as  tbey  are  also,  for  a  very  long  time,  in  the  PrlmateSj  before  they 
unite  with  the  above-mentioned  processes  of  the  sphenoid  to  form 
the  medial  lamella)  of  the  descending  pterygoid  processes.  The 
palatines  generally  form  the  inferior  boundary  of  the  posterior 
nares,  aad  the  hinder  portion  of  the  hard  palate.  The  maxillae 
vary  in  length  according  to  the  extent  of  the  facial  region,  and 
always  form  the  largest  portions  of  the  upper  jaws.  The  premaxilUe 
vary  more  considerably ;  as  a  ralOj  they  also  take  part  in  the  forma- 
tion of  the  side  walls  of  the  nasal  cavity.  They  are  rudimentary, 
or,  as  compared  with  the  maxilla?,  feebly  developed  in  many 
Chiroptera  and  Edentata.  They  boand  the  foramen  incisiviim.  In 
the  Apes  they  fuse  with  the  maxilh\> ;  this  union  takes  place  so  early 
in  Man  that  their  existence  was  justifiably  doubted  for  a  long  time. 
The  outer  series  of  bones,  which  is  present  in  the  Sanropsida,  and 
which  extends  from  the  quadrate  to  the  maxilla,  is  reduced  in  Mammalia 
tothe  jngal;  this  bone  unites  the  jugal  process  of  the  squamosal  with 
the  maxilla,  and  so  forais  the  jugal  arch.  In  a  few  forms  the  jugal 
is  absent  (Sorex),  or,  though  united  with  the  raaxilla,  does  not  reach 
the  jugal  process  {Myrmecophaga,  Bradypns).  When  it  is  united 
with  a  process  of  the  fi'ontal  it  gives  rise  to  a  posterior  wall  for  the 
orbitj  and  so  separates  this  region  from  the  tempoml  fossa ;  there 
are  various  stages  of  this  aiTangement.  This  process  is  most  com- 
plete in  the  Primates,  where  the  orbital  fissure  represents  the  re- 
mains of  the  wide  communication  which  exists  between  the  orbit 
and  the  temporal  fossa  in  other  Mammals, 

In  the  Mammalia  a  tympanic  bone  is  developed  on  the  outer 
face  of  the  petrosal ;  this  serves  as  a  support  for  the  tympanic 
membrane.  It  is  not  certain  that  this  bone  is  homologous  with  the 
one  of  the  same  name  which  we  found  in  the  Amphibia,  At  first  it 
always  forms  a  bony  incompletely-closed  ring  (annulus  tympanicus) 
(Fig,  251,  af)j  which  grows  out  into  very  vai'ions  forms.  In  the 
Monotremata  and  Maraupiaiiaj  as  well  as  many  Insectivoraa  etc»j  it 
is  never  more  than  a  simple  ring.  In  many  forms  it  is  never 
united  to  the  petrosal ;  in  the  Cetacea  it  is  very  loosely  so.  In 
many  it  forms  a  bony  capsule  which  is  continued  into  the  external 
auditory  meatus.  A  bulla  of  this  kind  is  most  common  in  the 
Marsupialia,  Eodentia,  Fera?,  and  in  the  Artiodactyla.  In  some 
Marsupials,  where  the  tympanic  does  not  pass  beyond  the  annular 
condition,  there  is  an  apparently  similar  bulla,  but  this  is  formed 
by  an  extension  of  the  bases  of  the  ala^  teniporales  (Dasyurus, 
Petaurista,  Peraraeles).  When  the  tympanic  is  fused  with  the 
petrosal  and  squamosal  it  takes  part  in  the  formation  of  the  temporal 
bone  (Primates). 
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§  352. 

Very  early  in  developTneiit,  tlie  primitive  cartilage  of  tlie  lowor 
jaw  tiinis  off  from  tliat  line  of  differentiation  i?vliich  obtains  in  tlie 
rost  of  the  Vertebrata.  The  part,  which,  in  others,  forma  the  articnkr 
bone  is  conyerted  into  one  of  the  amlitory  ossicles^  the  malleus  (Fig, 
254,  m}'j  the  Mockelian  cartilage  (p),  which  ie  never  developed  beyond 
the  cartilaginous  stage, 
ia  continuous  with  it. 

The  dentary  forms  an 
investing  bono  on  the 
out^r  surface  of  this  car- 
tilage. It  abuts  in  the 
middle  line  on  its  fellow 
ol  the  oppcKsito  side,  and 
unites  with  it  to  form 
the  lower  jaw ;  this  is 
articulated  to  the  skull 
on  the  lower  surface  of 
the  jugal  process  of  the 
squamosal.  It  repre- 
sents therefore  a  new 
formation,  though  the 
primitive  one  has  not 
disappearedj  but  per- 
sists in  other  relations, 
Meckel's  cartilage  (p)  is 
retained  for  some  time 


l}i 


Fig.  2H.  Lateral  view  of  tlio  skall  of  &  hnman 
foetus,  wifcli  it  a  auflitory  ossiclos.  Part  of  the  upper 
wall  of  tho  tjmpanic  cayitvand  the  tympanic  ineiii- 
braue  bave  been  removed,  at  Tym|mnic  ring  from 
which  a  piece  has  beeo  removed  superiorly.  »j-  Mai- 
kniH.  ma  ^tranubrium  of  the?  maUoui.  p  Meckel'a 
process  extending  along  the  inner  Bide  of  tbo 
lower  jaw.  i  Ineue.  s  Stapes.  »t  Styloid  proccBB. 
Ut  Stylohyoid  ligament  extending  to  the  anterior 
com  11  of  the  hyoid.     t  MaBtoid  foramen. 
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longer  on  the  inner  sur- 
face of  tlie  lower  jaWj 
but  then  disappears ;  the  only  portion  of  it  which  persists  is  the 
part  which  is  placed  within  the  tympanic  cavity,  and  which  extends 
to  the  Grlaserian  fissurej  where  it  is  ossified  to  form  the  processus 
folianus  mallei »  The  early  differentiation,  and  the,  at  first,  relatively 
large  size  of  the  auditory  ossicleSj  shows  that  they  must  be  regarded 
as  skeletal  parts,  which  in  a  lower  stage  were  much  more  developed 
in  size. 

The  two  halves  of  the  lower  jaw  are  permanently  separate  in  a 
largo  number  of  Mammals  ;  in  others  they  unite  early  (Perissodactyla, 
Chiroptera,  Primates)*  Low  morphological  conditions  are  implied 
by  the  straight  mandibles  of  the  Monotremata,  in  wliich  there  is 
no  distinct  coronoid  process ;  in  some  others,  also,  this  proceas  is 
merely  indicated  (Cetacea). 

The  piece  which  is  developed  from  the  upper  portion  of  tho 
primitive  hyoid  arch  {hyomandibnlar  of  Fishes)  appears  to  form  the 
rudiment  of  a  third  auditory  ossicle — the  stapes. 
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Branchial  Skeleton, 

§  353. 

A  ventral  system  of  arclies  is  connected  with  the  most  anterior 
portion  of  the  axia!  skeleton,  and  forma  the  organs  of  snpport  for 
that  portion  of  the  alimentarj  oaoal  which  functions  as  a  respiratory 
cavity.  The  nninber  of  arches,  and  the  backward  extension  of  this 
apparatus,  depends  on  tlie  size  of  this  respiratory  cavity.  We  meet 
with  two  very  different  types  of  these  structures. 

The  first  typo  is  found  in  the  Acrania  {Amphioxus).  In  this 
framework  there  is  a  cartihigioous  arch  around  the  mouth — that  is, 
in  its  most  anterior  portion ;  this  arch  is  beset  with  cnrtilaginoiia 
rods  which  are  directed  forwards.  The  rest  of  the  apparatus  m 
formed  of  a  homogeneous  substance,  which  forms,  as  in  Balano- 
glossuB  (cf.  §  112),  a  comphcated  lattice-work.  The  branchial  bars 
of  either  aide  are  independent  of  those  on  the  other ;  that  is  to  say, 
they  are  not  united  along  the  ventral  line. 

We  cannot  derive  the  second  type,  which  obtains  in  tho 
Craniotaj  directly  from  this.  In  its  earliest  stage  it  is  made  up  of 
cartilaginons  pieces  only;  these  do  not  form  so  large  a  number  of 
arches  as  exist  in  Amphioxus,  and  are,  while  completely  symmetrical 
as  regards  their  arrange tnont,  united  ventrally  by  a  copula. 

In  the  Cyclostomata  the  branchial  skeleton  is  made  up  of  com- 
plicated cartilaginous  bars,  which  are  connected  inferiorly  with  one 
another,  as  well  as  with  either  side  of  the  spinal  colnmn  superiorly  ; 
owing  to  their  superficial  position  they  may  be  spoken  of  as  forming 
an  external  branchial  framework.  Very  evident  signs  of  this 
are  retained  by  the  Selachii^  but  in   them    there    is   another,    or 

internal,  organ  of  sup- 
port; and  this  is  found  in 
all  the  rest  of  the  Verte- 
brata. 

The  various  arches  pre- 
sent indications  of  their 
primitive  similarity;  this 
disappears  in  consequeoc© 
of  the  gradual  change  in 
their  functional  relation, 
which  is  due  to  a  divi- 
sion of  labour.  We  were 
obliged  to  speak  of  some 
of  these  arches  in  deal- 
ing with  the  cranium;  so 
that  now  they  need  be  but  briefly  considered.  The  first  of  them 
surrounds  the  entrance  to  the  alioieutary  canal,  and  is  divided  into 
two  pieces  J  one,  superior,  the  pala  to -quadrate  (Fig.  255,  o),  and  the 
other  inferior,  the  primitive  lower  jaw  (u).     The  succeeding  pairs 


Fig.  255.  Skull  orifl  branchial  ekeletcm 
of  a  Selachian  (Diuprrammatic).  ah  c  Labial 
C&rtilagea.  I  Maudibnlar  arch,  o  Upper,  tc  Lower 
portion,  II  Hyoid  arcii,  II I^  VIII  Braiichial 
arches. 
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of  arches  either  retain  their  primitive  fiiiietion  of  being  supports 
for  tlie  branchial  arches,  or  nndergo  a  number  of  modifications. 

All  these  arches  evidently  had  the  same  original  function.  Their 
relation  to  the  res]H'nitory  apparatus  has  not  disappeared  in  the  firtit 
]iair  only,  which  has  been  converted  into  jaws ;  the  hinder  arches 
also  have  gradually  lost  their  functional  and  anatomical  characters  ; 
it  isj  therefore^  reasonable  to  suppose  that  this  is  but  the  last  of  a 
series  of  re<luctions,  which  first  comTucnced  on  a  much  larger 
number  of  arches.  If  this  is  soj  the  branchial  skeleton  of  the 
Craniota  is  the  remnant  of  an  a])paratuf^j  in  which  there  were 
primitively  a  far  larger  nnmber  of  arches.  This  view  is  supported 
))y  a  comparison  with  Amphioxus,  os  well  as  by  the  considerations 
to  which  we  are  led  by  a  study  of  the  branchial  apparatus  and  of 
the  peripheral  uei'vous  system. 

As  we  pass  through  the  Fishes  to  the  Amphibia  we  may  note 
how  this  a]iparatu9  gradually  loses  its  primitive  relations ;  while  in 
the  Eeptilia  and  all  higher  forms  it  has  no  relation  at  all  to  the 
respiratory  organs, 

§  354* 

All  the  branchial  arches  are  united  ventrally  by  azygos  pieces — • 
the  copulfB.  The  various  arches  are  always  segmented  into  a 
number  of  pieces,  which  are  genendly  movably  united  with  one 
another.  The  np]>cr  portion  of  the  hyoidj  as  above  described,  as  well 
as  of  the  mandibular  arcli,  enters  into  relations  ivitli  the  cranium; 
these  arches  thus  k^se  all  cnnnrction  with  the  other  archesj  with  which 
the  lower  portion  only  of  the  hyoid  arch  is  still  connected. 

The  succeeding  arches  are  either  slightly  connected  withj  or 
only  indirectly  united  to,  the  cranium  ;  this  is  effected  by  their 
being  attached  to  the  base  of  the  skull,  or,  when  their  point  of 
attachment  is  more  extendedj  to  the  conimenccment  of  the  vertebral 
column.  In  many  Seluchii  the  hyoid  arch  has  the  same  conformation 
us  the  branchial  ones  (Fig.  255^  //).  As  a  rule  its  copula  is  in- 
creased in  sizcj  and  affords  a  support  for  the  tongue.  In  the 
Sclachii  and  Chimiene  this  arch  retains  its  primitive  function  of  a 
branchifcrous  portion  of  the  skeleton.  This  relation  disappears  in 
the  Ganoidei  and  IVIeostei,  where  this  gill  is  rudimentary,  and  the 
rays  of  the  upper  jiortion,  which  is  converted  into  the  hyo mandi- 
bular and  symplectic,  are  represented  by  the  opercular  apparatus 
(§  345). 

The  lower  portion  of  the  hyoid  arch,  or  true  hyoid,  has  then 
bony  instead  of  cartilnginons  rays  (Fig.  250,  /  r,  brnnchiostegal 
rays),  and  a  niemln'ane  extends  between  them  which  covers  over  the 
whok>  of  the  branchial  aiipnmtus.  TJie  hyoid  arch  thus  develops 
an  organ  of  defence  for  the  res]nratory  appanitus. 

There  are  five  pairs  of  arches  connected  witli  the  respiratory 
apparatus;  occasionally  there  are  six  or  seven  (Notidani).  No  more 
than  five  are  ever  found  in  the  Osseous  Fishes.  WTiile  the 
anterior  arches  (J  //  III)  are  always    provided  with  copula)  {fg)j 
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the  hinder  ones  {IV  V)  are  QDitcd  to  a  single  piece  (a),  and  are  always 
degenerated,  both  in  mze  and  number.  The  last  pair  of  a31  (FT),  which 
merely  consists  of  a  single  piece  on  either  side,  carries  no  gills ;  in 
the  fifth  arch  also  there  are  often  gill-lamell©  on  one  side  only ;  in 


Fig.  256.  Ilyoid  and  braricliial  arclica  of  Porca  fluviatilia,  I — T7  Arches;  tho 
fiiTBt  (/)  IB  converted  into  an  organ  for  the  support  of  tho  hyoid;  the  next  toxir  (11 — V) 
fti'D  branchial  aichcs,  and  Lho  last  (VI)  fomia  the  jofm-pharjngeal  bone,  a  h  c  d 
SogmotLtii  of  the  arches,  Tho  uppermost  piece  ('/)  forms  the  supra- pharyngeal  boutta* 
r  Brancluostogal  rayB.    fgh  Copal©  (alter  Ctivier). 

the  lastj  howeverj  dental  structures  are  raoro  completely  developed,  so 
that  this  picco  m  often  capable  of  functioning  as  a  masticatory 
organ.  In  the  Pharyngognatlu  the  rudiments  of  the  last  arch,  on 
either  side,  are  fuaed  into  one  piece* 

We  nicot  with  other  modtficationa  of  the  posterior  branchial 
fti'ches  in  the  Labyrinthobranchiata,  and  in  various  Clupcidte;  the^o 
are  duo  to  tlio  conversion  of  various  segments  of  the  arches  into  tho 
walls  of  spacuH  into  wliicli  water  \b  received, 

Ju8t  nn  the  hyoid  arch  of  tho  Selacliii  is  provided  with  cartila- 
ginous apptuidugOB,  so  also  tho  Buccceding  arches  arc  beset  with 
cartilnginuus  rays  which  support  the  walls  of  tho  branchial  pouch. 
Even  those  sti'uciures  are  rudimentary  iu  tho  (-ianolfdei  and  ToleostoJ, 
where  they  form  fino  cartilaginous  lamollEO,  placed  between  tho  rows 
of  the  branchial  folda, 

§  355, 

Tho  branchial  skeleton  of  tho  Amphibia  is  considerably  reduced; 
suc3i  forms  as  undergo  a  metamorjjhosis  have  tho  gills  reduced,  and 
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Fig.  257.  Hyoid,  and  bran, 
chial  arches  of  a  larva  of 
Salamandra  maculosa. 
&  Hyoid  arch,  c  ^  Supports 
of  the  branchial  arches, 
d  Appendage  of  the  Copula. 


Pig.  258.  Hyoid  of  Bufo 
cinereus.  a  Copula,  h  Cor- 
nua  of  the  hyoid.  c  Bern- 
nants  of  the  branchial 
arches  (after  Dug^s). 


present  at  the  same  a  gradual  change  in   this  apparatus.     It  is 
retained  in  the  Perennibranchiata,  and  undergoes   slight   changes 
only  in  the  Derotromata.     It  is  made  up  of  four  or  five  pairs  of 
arches ;  the  first  of  which,  as  in  Fishes,  forms  a  hyoid  arch  (Fig. 
257,  t).     The  sue 
ceeding  arches  are 
united  to   a    com- 
mon  copula.     The 
posterior   ones    do 
not    severally    ex- 
tend as  far   as  it, 
but  are   connected 
together  on  .  either 
side.   In  correlation 
with  the  reduction 
of  the  arches,  the  co- 
pul89  are  increased 
in  size.     The  only 
portion  which    re- 
mains       complete 
after  metamorpho- 
sis is  the  hyoid  (Fig.  258,  6).     It  is  united  with  the  copula  (a), 
which  is  generally  of  some  size,  and  which  is  converted  into  the 
body  of  the  hyoid.     A  larger  piece  of  the  second  arch  is  retained 
in  the  Salamandrina,  and  a  small  portion  of  the  third  arch ;  in  the 
Anura,  however,  there  is  a  cartilaginous  plate,  which  is  made  up 
of  all  the  branchial  arches  on  either  side,  and  which  fuses  with 
the  copula  into  one  piece.     Rod-shaped  pieces  (columellee),  which 
are  developed  from  the  ends  of  the  primitively  paired  plates,  are 
attached  to  this  (Fig.  258,  c). 

The  changes  in  the  branchial  skeleton,  which  are  perceptible 
when  it  changes  its  function,  afford  a  striking  example  of  the  great 
influence  which  adaptation  to  external  conditions  of  life  exercises  on 
the  internal  organisation. 

§356, 

The  degeneration  which  is  seen  in  individuals  among  some  of  the 
Amphibia  is  an  inherited  arrangement  in  the  higher  classes.  Except 
those  parts  which  enter  into  the  composition  of  the  auditory  organ, 
all  the  parts  which  were  developed  at  one  time  from  the  large 
branchial  skeleton  of  Fishes,  are  converted  into  that  support  for  the 
tongue,  which  is  known  as  the  hyoid  bone.  The  copula  forms  its 
*'  body/'  and  to  this  the  rest  of  the  arches  are  attached,  under  the 
form  of  "  comua.''  As  a  rule  the  remains  of  two  arches — the  hyoid 
portion  of  the  primitive  hyoid,  and  parts  of  the  first  branchial  arch 
< — are  used  for  this  purpose. 

The  simple  body,  which  rarely  consists  of  several  pieces,  is 
beset,  in  Reptiles,  with  portions  of  two  or  three  arches;  these 
are  often  very  rudimentary*     They  are  either  single,  or  divided 
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into  two  pieces.  The  arches  are  most  numeroas  in  the  Cheloiiiij  where 
there  are  as  many  as  three,  and  next  to  these  come  the  Saurii; 
in  the  CrocodiliDi  the  broad  curved  body  of  the  hyoid  has  but  a 
siugle  puir  of  arubes.  lu  the  Ophidii  the  apparatus  is  reduced  to  a 
cai-tilagiuous  remnant,  and  even  these  reinnaots  of  an  arch  are  lost 
in  various  forms  (Tortrix,  Tjphlops,  etc.). 
Two  pairs  of  arches  ain  be  made  out  in  Birds. 
The  rudimentary  first  arch  fuses  to  form  the 
so-called  entoglossal  bono  (Fig,  259,  2),  pos- 
teriorly to  which  lies  the  true  body  of  the 
hyoid.  The  second  arch,  howcverj  is  well 
developed,  and  gives  rise  to  the  cornua  (i-  5), 
which  are  formed  of  two  large  pieces,  which 
generally  curve  backwards  behind  the  skull, 
without  being  tlirectly  connected  with  it.  Be- 
hind the  copula  there  is  the  remnant  of  a 
second  one,  which  forms  the  hyoid  process  (3). 
In  the  Mammalia  two  arches  are  per- 
manently connected  with  the  single  body  of 
the  hyoid.  The  anterior  cornua  are  tho 
largestj  and  are  connected  with  the  petrosal ; 
they  are  made  of  several  (three)  pieces.  When 
the  median  piece  is  merely  connected  by  a 
ligament,  this  jiortiun  is  divided  in  such  a 
way  that  the  uppermost  piece,  if  connected 
with  the  petrosal,  as  it  is  in  tho  Orang  and  in 
if  an,  forms  ihe  styloid  process  of  this  bone ; 
when  this  is  the  case,  the  remaining  portion 
is  formed  by  tho  stylo-hyoid  ligament^  and  the  rest  of  the  arch  is 
attached  to  the  body  of  the  hyoid  as  a  small,  and  sometimes  even 
unoasified  piece.  In  most  Mammals,  the  posterior  cornua,  which  aro 
always  formed  of  a  single  piece,  aro  tho  smaller ;  occtisioually,  as  hi 
various  Rodents  and  Edentates,  they  are  altogether  wanting.  In 
the  Primates  they  are  larger  than  the  remnants  of  the  anterior 
cornua.  They  are  connected  with  the  larynx,  the  thyroid  cartilage 
of  which  is  attached  to  them  by  ligaments. 


Fig,  259.  iryoklappora- 
ttiB  of  the  domestio  fowl. 
1  Body  of  tlie  hyoid 
(copula).  2  EntogloBsaL 
3  IIvom!  process.  4  An- 
terior, 5  rosterior  jwr- 
tioQ  of  the  oomu  of  tho 
hyoid. 


Skeleton  of  the  Appendages. 
$  357, 

The  two  pail's  of  appendages  in  the  Vertobrata^  however  much 
they  Tary  in  tbe  extent  to  which  they  arc  developed,  have  their 
tskeleton  arranged  in  very  much  tho  same  way;  this  points  to  their 
being  homodyoamous  structures.  In  this  skeleton  we  may  dis- 
tinguish an  arched  piccCj  which  lies  in  the  trunk,  and  which  in  its 
lowest  condition  forms  a  band  of  cartilage  ',  according  to  the  position 
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which  it   occapieSj  it    is   kiiowa   as   the   thoracic    (shoulder),  or 
pelvic  (hip)  girdle* 

Tho  skeleton  of  the  free  appendage  is  attached  to  the  extremity 
of  the  girdle.  When  siinplostj  this  is  made  up  of  cartilaginous 
rods  (rays),  which  differ  in  their  size,  segmentation,  and  relation  to 
one  another.  One  of  these  rajs  is  larger  than  the  rest,  and  has  a 
number  of  other  rajs  attached  to  its  sides,  I  have  given  the  name 
of  Ar  chip  tor  jgium  to  the  ground-form  of  the  skeleton,  which 
extends  from  the  limb-bearing  girdle  into  the  free  appendage. 
Tho  primary  ray  is  the  stem  of  this  archipterygium,  the  characters 
of  which  enable  ns  to  follow  out  the  lines  of  development  of  tho 
skeleton  of  the  append^ige*  Cartilaginous  arches  beset  with  rays 
form  tho  branchial  skeleton.  The  form  of  skolotou  of  the  appen- 
dages may  be  compared  with  them  ;  and  wo  are  led  to  the  conclusiou 
that  it  is  possible  that  they  may  have  been  derived  from  such  forms. 
In  tho  branchial  skeleton  of  the  Selachii  the  cartilaginous  bars  are 
beset  with  simple  rays  (Fig,  260,  a  b).     In  many,  a  median  one  is 


Fig.  2(X).     Dmgrama  to  lUuatrate  the  kotuDdyiiamy  of  the  upponclicalar  Bkeleton  with 
iluit  of  tliQ  braDchiii&t     abed  Br&uchml  arches  of  Selachii.     e  Archipterygium. 


I 


developed  to  a  greater  size.  As  the  surrounding  rays  become 
smallerj  and  approach  the  larger  one  (r),  we  get  an  intermediate 
step  towards  that  arrangement  in  which  the  larger  median  ray  carries 
a  few  smaller  ones  (d).  Thia  differentiation  of  one  ray,  which  is 
thereby  raised  to  a  higher  grade^  may  be  connected  with  the  primi- 
tive form  of  the  appendicular  skeleton;  and,  as  we  compare  the 
girdle  with  a  branchial  arch,  so  we  may  compare  tho  median  ray 
and  its  secondary  investment  of  rays  with  the  skeleton  of  the  free 
appendage. 

We  meet  with  greater  difficulties  when  we  come  to  examine  tho 
topographical  relations  of  the  appendages.  If  the  comparison  of 
the  skeleton  of  the  appendages  shows  that  it  is  similar  to  the 
branchial  skeleton,  and  that  therefore  it  is  possible  to  derive  the 
appendages  fi'oni  branchial  arches,  we  must  further  suppose  that  tho 
two  appendages  were  primitively  branchial  arches,  which  carried 
rays,  and  that  they  have  been  differentiated  in  a  ditferent  way 
to  tho  other  branchial  arches,  and  have  been  seiiarated  off 
from  the  branchial  apparatus.  The  hinder  one  altered  its  position 
more  than  the  anterior  one,  and  this,  of  coui'se,  happened  during 
changes   which  affected  the  rest  of   the  organism.      The  anterior 
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appendage  lias  still  some  relations  to  the  head,  as  is  shown  by 
the  muscles  which  are  supplied  by  cerebral  nerves,  while,  in 
Fishes,  it,  and  its  arch,  lie  just  behind  the  branchial  arches.  In 
this  respect  the  hinder  appendages  are  quite  independent.  They 
must  be  supposed  to  have  travelled  to  a  greater  distance,  if  wo  are 
right  as  to  the  homodynamy,  which  a  comparison  of  the  skeletons 
leads  us  to  infer.  The  anterior  appendage  has,  however,  clearly 
also  undergone  great  changes  in  position;  this  is  evident  when 
we  not€  how,  owing  to  the  continual  increase  in  the  number  of  the 
cervical  vertobrao,  it  moves  farther  and  farther  back  as  we  pass  from 
Fishes  to  Birds.  As  there  are  no  facts  known  to  us  which 
point  to  the  formation  of  new  vertebra),  which  could  only  be  brought 
about  by  the  intercalation  of  new  metameres  of  the  body,  this 
distinct  change  in  position  must  be  explained  as  due  to  the  continual 
retrogression  of  the  appendages;  in  other  words,  we  are  led  to 
postulate  just  the  same  process  in  its  case,  as  in  that  of  the  hind 
limbs.  These  considerations  merely  point  to  the  manner  in  which  it 
is  possible  that  the  appendages  were  developed,  and  there  are  still 
many  questions  which  cannot  be  safely  answered  until  a  compara- 
tive cxamiuation  of  the  muscles  and  nerves  which  belong  to  the 
appendages  has  been  made. 

Geoenbaub,  C,  Zor  Morphol.  der  Gliedmassen  der  Wirbelthiore.     Korphol. 
Jahrb.  II. 


Anterior  Appendages. 

Shoulder- Girdle. 
§358. 

In  its  simplest  foi*m  the  shoulder- girdle  is  a  piece  of  cartilage, 
which,  in  the  Selachii,  forms  an  arch  on  each  side  united  to  its 
fellow  along  the  ventral  line,  and  placed  just  behind  the  branchial 
apparatus.  Owing  to  its  attachments  to  the  muscles  of  the  appen- 
dages, definite  sculpturing  may  be  made  out  on  the  arch;  this  is 
most  distinct  in  the  Rays. 

In  the  Ganoidei  the  two  halves  of  the  cartilaginous  arch  are 
completely  divided;  a  new  apparatus  is  connected  with  the  primary 
shoulder-girdle,  represented  by  the  cartilage;  this  non*carti- 
laginous  part  is  formed  of  bones  which  primitively  belonged  to  the 
integument,  and  in  the  course  of  its  differentiation  up  to  tho 
Mammalia  it  plays  an  important  part. 

We  must  therefore  distinguish  the  secondary  from  the  primary 
shoulder- girdle.  The  latter  is  always  cartilaginous  in  the  Sturiones, 
though  various  bony  plates  of  the  integument  are  developed  on  it ; 
the  two  lower  ones  I  have  shown  to  be  the  clavicle  and  infra-clavicle, 
and  the  two  upper  ones  the  supra-clavicles.  In  the  primary  thoracic 
cartilage  wider  spaces  are  developed  from  the  canals  which  are  found 
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ill  Selacliians.  In  the  rest  of  the  Ganoidei  and  Teleostei  a  part)  alono 
ordiimrily  remaiaa  cartila- 
ginousj  and  tlio  rest  is  ossi- 
fied, but  tho  whole  piece 
appears  to  decreaso  in  size, 
Aa  a  rule  two  bonea  (/  e)  aro 
developed  from  it  in  tho 
Teleosteij  and  with  these,  parts 
of  tho  skeleton  of  the  fin 
may  be  closely  connected, 
Tlie  clavicle,  however,  which 
is  small  in  the  St  tin  on  os,  has 
increased  in  sis^e  (Fig.  21*1,  t;). 
It  is  connected  along  the 
ventral  median  line  with  that 
of  the  opposite  side,  and  by 
the  supra- clavicles  (a  b)  with 
the  sknll.  The  primary  shoulder- girdle,  in  fact,  undergoes  degenera- 
tion, and  forms  a  mere  appendage  to  the  clavicle,  which  becomes  the 
chief  support  of  the  anterior  extremity. 


Fig.  261.  Eight  lialf  of  tho  shouklor- 
f^rdle,  and  thoracic  finofGadua.  c  Clavicle. 
a  h  Sopra^clavicles.  d  AaccBmry  piece. 
e  Coracoid.  /  Scapalat  fj  Basaha  nf  the  Vm, 
h  Rays  of  Ibe  seccudarj  skeleton  of  the  lin. 


359. 


The  clavicle^  developed  on  the  carti- 
laginous shoulder-girdle  of  Fishes,  is 
reduced  in  the  higher  Vertebrata.  The 
prinmry  apparatus,  however^  becomes  of 
greater  importance  owing  to  its  con- 
nection with  the  atornnm,  and  tho  greater 
power  of  movement  possessed  by  its 
uppermost  (dorsal)  portion,  which  is  no 
longer  firmly  connected  with  tho  axial 
skeleton.  That  region  of  tho  gircllo  at 
which  the  free  limb  is  connected  with  it,  is 
distinguished  by  the  formation  of  a  cavity 
which  receives  the  articular  head  of  the 
humerus,  anddividesthejirimary  shoulder- 
girJle  into  two  parts. 

The  dorsal  portion  forms  the  scapula ; 
tho  ventral  is  divided  into  a  hinder  piece, 
the  coracoid,  and  an  anterior  piece,  which 
is  ossified  from  the  scapula,  when  it  is 
ossified — the  precuracoid. 

Among  the  Amphibia,  the  shoulder- 
girdle  of  the  Orodela  forms  a  skeletal 
piece  on  either  side ;  it  is  largely  carti- 
laginous,  and    is    only    ossified    in    the 

region    of  the  glenoid  cavity.      The  widened    dorsal   end   of   the 
Bcapulaj  the  supra-scapula^  is  almost  always  cartilaginous,  or  has  an 


Fig»  262.  Shoul der. girdle ;  A 
of  a  Frog,  B  of  a  Oheloniau. 
CJ  of  a  Saurian,  s  Scapala. 
/  Supra -gcapu la,  co  Pr^cora- 
coid.  co'  Coracoid.  d  Clairiclo. 
c  Epiateroitm.  at  Stenium.  The 
cartilaginoufl  portions  aro 
dotted. 


476 


COMPAEATIYE  ANATOMY. 


iiidepeudeut  periosteal  ossification.  The  ossification  sometimes  ex- 
tends from  tht!  scapLila  oo  to  the  prccoracoid.  In  the  Anura  tho 
two  ventral  processes  (Fig,  202,  -I  co  o/)  on  cither  side  t>f  the 
shoulder-girdle  are  united  by  their  cartilaginous  ends,  and  may  also 
became  united  in  the  niiddlo  line  (Rana),  In  thiti  case  there  is  a 
foramen  on  either  side,  in  the  ventral  portion  of  the  shoulder-girdle. 
The  coracoid  {co')  is  ossified  indcj^endentlj,  while  the  jirecoracoid 
becomes  closely  related  to  the  chiviele  (d). 

In  the  Reptilia,  likewise^  each  half  of  the  shonlder-girdle  fomns  a 
Binglo  piece^  which  closely  resembles  in  form  tlie  same  part  in  the 
Amphibia,  The  coracoid,  which  is  generally  broad,  in  not  unfre- 
quently  fenestrated  (Saurii).  A  process  of  tho  scapula,  which  is 
merely  indicated  in  the  Amphibia^  is  converted  into  the  acromion, 
and  unites  the  scapula  with  the  clavicle  (Fig.  202,  0  d).  In  the 
Chelonii  the  scapula  is  genei-ally  a  cylindrical  bone  (B  s),  which 
forms  an  angle  with,  and  is  directly  continuous  with/the  precoracoid 
(B  co)  at  the  glenoid  cavity.  Tho  end  of  this  precoracoid  is 
connected  by  a  ligament  with  the  cartilaginous  end  of  the  coracoid. 

In  the  Crocodilini  the  precoracoid  has  completely  disappeared, 
so  that  the  scapula  and  conicoid  alone  make  up  the  shoulder-girdle. 
In  Birds  there  is  a  somewhat  similar  arrangement;  the  small  and 
slightly  curved  scapula  ia  united  to  the  strong  coracoid  at  the 
glenoid  cavity  ;  the  coracoid  itself  is,  as  in  Reptiles,  attached  to  t5io 
plate  of  the  sternum.  The  Ratita3  indicate  their  closer  affinity  to 
the  Saurii  by  tho  presence  of  a  rudiment  of  the  precoracoid. 

Among  Mammals  the  coracoid  is  complete  in  the  Monotremata 
only*  In  the  rest,  the  only  sign  of  it  is  the  process  (coracoid  process) 
which  is  given  off  from  the  scajvula,  and  lies  in  front  of  the  glenoid 
cavity;  it  is  in  rare  cases  only  that  the  sternal  end  of  the  coracoid 
persists.  1  have  discovered  it,  however,  in  So  rex  and  Mus,  where  it 
forms  a  piece  of  cartilage  attached  to  either  side  of  the  manubrium 
stemi.  The  scapular  remiuuit  of  the  coracoid  still  continues  to  take 
purt  in  the  formation  of  the  glenoid  cavity,  but  this  share  decreases 
as  that  of  the  t^capulu  increases^  so  that  at  last  this  latter  bone  alone 
forms  the  supjiort  for  tlic  anterior  extremity,  which  thereby  ac(|uires 
a  greater  power  of  free  movement.  The  primitive  independence  of 
the  remnant  of  tlie  corucoid  is  implied  by  the  presence  in  it  of  a  special 
centre  of  ossitication,  which  persists  so  long  aa  it  is  not  completely 
f  ased  with  the  scapula. 

In  form,  the  scapula  of  Mammals  resembles  that  of  the  Reptiles^ 
but  owing  to  the  presence  in  it  of  new  constituents  it  differs  from  the 
latter  in  some  essential  points.  In  the  Monotremata  there  are  indi* 
cations  of  a  spine,  the  end  of  which  forms  the  acromion.  In  tho  rest 
of  the  Mnmnialia  tho  lateral  edge  of  this  broad  piece  is  developed 
into  a  larger  ridge,  which  now,  owing  to  the  development  of 
the  median  ridge  also,  into  a  projecting  plate  of  bone,  or  spina 
scapula?,  marks  off  a  supenor  and  an  inferior  fossa.  The 
anterior  end  of  the  spine  is  always  developed  into  an  acromial 
process.     The  most  important  of  the  other  changes  which  occur  in 
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ifc  k  tho  ealargeraeat  of  the  ba3o  o£  the  scapula,  which  obtains  iu 
tho  Chiroptera  and  Primateg. 

§  mo. 

Owing  to  the  devGlopmetit  of  the  primary  shouhler-girdle  tho 
BeoondaryapparatuSjWhich  forms  tho  clavicle  (§  358),  is  either  plocod 
complefcelj  in  tho  backgronnd^  or  used  far  pnr poses  other  than  those 
which  it  had  in  Pishes.  The  Anura  only  among  the  Amphibia  are 
provided  with  a  clavicle  (Fig.  262,  A  d),  which  forms  an  investing 
bono  for  the  precoracoicl.  It  is  seldom  separated  from  the  shoulder- 
girdle,  and  this  separation  is  never  complete  in  any  forms  below  the 
Keptilia  {B  d).  In  them  it  forma  a  bone  which  connects  the  acromial 
process  of  the  scapoln  with  tho  episternnm  {B  c).  In  Birds  the 
clavicle  has  tho  same  relations ;  it  is  small  in  Droma3ns,  and  absent 
in  all  other  Ratiti^j ;  in  the  CarinataSj  however,  the  clavicles  soon 
nnite  into  an  nupaired  bone^  the  furcula^  and  are  connected  with 
the  keel  of  the  sternam  by  ligaments  {Fig.  2dijf], 

The  independent  appearance  of  this  portion  of  the  skeleton,  tho 
primitive  origin  of  which  was  that  of  an  investing  bono  for  a  piece 
of  cartOage,  loads  to  a  histological  cliauge  in  the  Mammalia;  the 
clavicle  is  in  them  largely  formed  from  a  cartihigiiiona  rudiment,  which 
is  similar  in  many  points  to  all  other  bones,  which  are  preformed  in 
cartilage.  This  bone,  however,  is  retained  in  some  Mammals  only ; — 
in  those,  namely,  in  which  the  anterior  limbs  are  capable  of  a  largo 
amount  of  movement.  It  disappears  so  far  as  to  leave  no  signn  of 
its  presence  in  the  Uagulata  ;  in  other  forms  there  are  only  rudiments 
of  it  which  are  sometimes  merely  formed  by  ligamentous  bands 
(Cflrnivora). 


Anterior  Extremity. 
§  S6U 

All  the  varied  forms,  wliich  the  skeleton  of  the  free  appendages 
exhibits,  may  be  derived  from  a  gi^ound-form  which  persists  in  a  few 
cases  only,  and  which  represents  the  first,  and  consequently  the 
lowest,  stage  of  the  skeleton  of  the  hn^ — ^the  Archipteryginm. 
This  is  made  up  of  a  stem,  which  consists  of  jointed  pieces  of 
cartilage,  which  is  articulated  to  the  shonlder-girdle,  and  is  beset  on 
either  side  with  .rays,  which  are  likewise  jointed.  In  addition  to 
the  rays  on  the  stem  there  are  others  which  are  directly  attached  to 
the  limb-girdb  (cL  Fig,  260,  ^0- 

Ceratodua  has  a  fin-skeleton  of  this  form ;  in  it  there  is  a  stem 
beset  with  two  rows  of  rays.  But  there  are  no  rays  on  the  shoulder- 
girdle*  This  biserial  investment  of  rays  on  tho  stem  of  the  fin  may 
also  undergo  various  kinds  of  modiiications.  Among  the  DipnoY,  Pro- 
topterus  retains  the  medial  row  of  rays  only,  which  have  the  form 
of  fine  rods  of  cartilage;  in  the  Selachiij  on  the  other  hand,  tho  i 
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Fig.  2fri,  Primary 
skeleton  of  the 
thoracic  fin  of  Aci- 
penBor  ruthcnim, 
after  tho  removal 
of  a  portion  of  tho 
secondary  skeleton. 
B  Baaalo  of  the  met  a. 
pteryt^om.  R  Bony 
marginal  ray  of  the 
secondary  skeleton 
of  tho  fin,  only 
figured  in  part. 


secondary  skeleton  of  the  fin-rays  (h).     Basal  pieces  can  be  seen 

in  a  few   only,  and   it   is   difficult   to  refer    these    even  to  their 

primitive  significance.     Tho  arrangements  which 

obtain  in  the  Ganoidei  would  lead  us  to  regard 

the  basalo  of  the  metapterygium,  and  the  basalia 

of  some  of  the  rays,  as  being  tho  most  constant 

constituents  of  these  pieces.     In  conseauence  of 

their  having  the  same  function  they  have  the 

same  form,  so  that  it  is  impossible  to  show  that 

they  have  any  connection  with  the  primary  stage, 

except  by  referring  them  back  to  tne  skeleton  of 

the  Ganoid  fin. 

In  many  divisions  of  the  Teleostei  these 
pieces  undergo  great  changes,  in  addition  to 
being  diminished  in  number.  They  are,  for 
instance,  intimately  attached  to  the  shoulder- 
girdle,  and  immovably  connected  with  the  parts 
of  which  it  is  made  up  (Gataphracti). 

In  this  way  we  are  able  to  make  out  a  con- 
tinuous series  from  the  well-developed  skeleton 
of  the  fin  in  the  Selachii  to  that  which  is  found 
in  the  Teleostei;  the  most  important  changes 
consist  in  the  OTadual  reduction  of  smaller  or 
larger  parts.  Seduction  first  affects  the  periphery,  and  then  the 
base,  so  that  the  latter  is  the  most  constant  portion.  The  decrease 
in  size  which  the  primary  skeleton  suffers  is  made  up  for  by  tho 
appearance  of  ossifications  of  tho  integument,  which  consist,  as 
in  the  unpaired  fins,  of  jointed  or  firm  bony  rays,  and  are  develope<l 
on  both  surfaces  of  the  fin. 

Gboenbaub,  C,  Untorsnchnngon  znr  Tcrgleich.  Anatomie  der  Wirbclthiere.  II. 
Leipzig,  1866. 

§  363. 

In  the  skeleton  of  the  fore-limb  of  the  higher  Vertebrata  we  are 
able  to  recognise  the  stem  of  the  archipteryfl^um,  with  rays  attached 
to  one  side  of  it ;  no  rays  are  now  attacheof  to  the  shoulder-girdle, 
the  stem  only  is  so  attached.  The  arrangement  of  the  joints  of  the 
rays  in  rows  set  obliquely  to  the  stem — which  is  just  tho 
same  arrangement  as  that  of  the  primitive  rays — is  obscured  by 
Bubseauent  transverse  jointing,  but  it  can  be  recognised  without 
difficulty  in  the  lower  forms.  This  jointing  gives  rise  to  new  pieces ; 
transverse  rows  of  the  joints  of  the  rays,  as  well  as  the  corresponding 
joints  of  the  stem,  being  developed  into  longer  pieces.  This  change 
is  due  to  a  change  in  function,  in  consequence  of  which  the  ap- 
pendage is  converted  from  a  swimming  organ  into  a  compound  system 
of  levers. 

In  Ichthyosaurus  among  the  Enaliosaurii  the  basale  of  the 
archipteryginm  is  first  of  ail  differentiated  from  the  rest  of  the 
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lateral  rays  are  coDsiderabJy  developed.     The  reniaiiis  of  the  medial 
row  are  ordinarily  quite  small  (Fig.  263,  E%  but  they  arc  always 

sufficiently  distinqt  to  justify  us  in  sup- 
posing  that  in  higher  forms  the  two  pets 
of  rays  mit^bt  be  better  developed,  Rays 
are  still  attached  to  the  stem,  and  are 
connected  with  the  shoulder-girdle  by 
nvcans  of  larger  plates  (p  mtt).  The 
joints  of  the  rays  are  sometimes  broken 
up  into  polygonal  plates,  which  may, 
farther,  fuse  with  one  another ;  concres- 
cence of  this  kijid  may  also  affect  the 
pieces  which  form  the  base  of  the  fin 
(/)  mi<).  By  regarding  the  free  rays, 
which  are  attached  to  these  basal  pieces, 
as  belonging  to  these  basal  portions,  we 
are  able  to  divide  the  entire  skeleton  of 
the  fin  into  three  segments^ — ^pro-,  meso-, 
and  metapterygiura. 

The  inetapteryginm  (mf)  represents 
the  stem  of  the  archipterygium  and  tho 
rays  on  it.  The  propteryginm  (p)  and 
tho  mesnpterygium  (ms)  are  evidently 
derived  from  rays  which  still  remain 
attached  to  the  sboulder-girdle. 

The  peculiar  form  of  the  fin  in  the 
Ray  is  due  to  the  great  development  of 
the  propteryginm  ;  the  arrangement  in 
Squatina  leads  towards  this.  One  ray 
is  here  converted  into  a  support  for 
rays,  and  forms,  by  gradually  reaching 
forwards,  a  stem  for  tho  propteryginm, 
just  as  the  motapterygium  iu  the  stem 

of  the  archipterygium  possesses  one.     The  Cbim^rtB  agree  in  all 

essential  points  with  the  Sharks, 


Fig.  263.  Blceloton  of  the 
tboracio  fin  of  Acantbias 
vulgaris*  p  Baaale  of  the 
protoptorygitLm.  7ni  Of  the 
tnctnpterygiutn,  B  Median 
edge  of  tho  fin.  The  lino 
drawn  Ibrongh  rnt  indicSLtes  tho 
series  whicb  foi-med  the  Atom 
of  the  art'hipteryginin.  The 
doited  Unee  correspond  to  the 
ray«, which  are  mostly  ariunged 
at  tlie  gidos  (R  J?),  and  are 
rndimontary  only  on  the  medial 
side  {Ef). 


§  362. 

Tlie  skeleton  of  the  thoracic  fin  in  the  Ganoidei  may  be  derived 
from  a  condition  which  is  similar  to  that  which  obtains  iu  the  Shark; 
it  is  the  fiaine  fiuj  with  tho  peripheral  parts  reduced  (ci  Pig.  264). 
In  correspondence  with  this,  a  few  rays  only  are  attached  to  the 
stem  of  the  fin  (B),  and  thoBe  which  ai^e  set  on  tho  shoulder-girdle 
are  also  inidimentary.  In  the  Teleostei  tho  peripheral  portion  of  the 
skeleton  of  the  fin  is  still  further  reduced^  and  as  a  rule  nothing 
remains  of  the  primary  fin-skeleton  except  four  or  five  elements 
which  are  very  similar  to  one  another  (Fig*  2C1,  tj) ;  a  very  variable 
number  of  small  and  always  cartilaginous  pieces  are  attached 
peripherally   to  them*      These,   theoj  serve  as  support^s   for  the 
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Fig.  264.  Primary 
Bkelcton  of  tho 
thoracic  fin  of  Aci- 
penBor  rutheauHj 
aft*r  the  removal 
of  a  port j on  of  tho 
Becondary  ekpleton. 
B  Basale  of  tho  meta- 
pterygium*  R  Bony 
iiiarjifinftl  ray  fjf  the 
BecorKlary  Bkeletou 
of  tho  fitij  only 
floored  in  part. 
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secondary  skeleton  of  the  fin-rays  (k).     Basal  pieces  can  be  seen 

in   a   few   only,  and   it    is   difficult  to  refer    these    even  to  their 

primitive  siguificaneo.     Tho  arriLiigi^ments  wliicli 

obtain  in  tho  Ganoidei  would  lead  iia  to  rogard 

the  basale  of  tho  metapterygium,  and  the  basalia 

of  somo  of  the  niySf  as  being  the  most  constant 

constituents  of  these  pieces.     In  conserpicnco  of 

their  having-  the  same  function  they  have  the 

same  form,  so  that  it  is  im possible  to  show  that 

they  have  any  connection  with  the  primary  stage, 

except  by  referring  them  back  to  the  skeleton  of 

the  Ganoid  fin* 

In  many  divisions  of  tho  Teleostei  these 
pieces  undergo  great  changes,  in  addition  to 
being  diminished  iu  number.  They  aroj  for 
instance^  intimately  attached  to  the  shoulder- 
girdle,  and  immovably  connected  with  the  parts 
of  which  it  is  made  up  (Cataphracti), 

In  this  way  we  are  able  to  make  out  a  con- 
tinuous series  from  the  well-developed  skeleton 
of  the  fin  in  tho  Selachii  to  that  which  is  found 
in  tho  Teleostei ;  the  most  important  changes 
consist  in  the  gradual  reduction  of  smaller  or 
larger  parts,  rteduction  first  affects  the  periphery^  and  then  the 
base,  so  that  the  latter  is  the  most  constant  portion.  Tho  decrease 
in  size  which  the  primary  skeleton  suffers  is  mado  np  for  by  tho 
appoamnce  of  ossifications  of  the  integument,  which  consist,  as 
in  tlie  unpaired  fins,  of  jointed  or  firm  bony  rays,  and  are  developed 
on  both  surfaces  of  the  fin, 

Gegknbaur,  C,  Unberanchimgen  znr  vorgleichr  Anatomle  der  Wirbelthi&rc.  11  i 
heipzigf  1865. 

§  363. 

In  the  skeleton  of  the  fore-limb  of  the  higher  Vertebrata  we  are 
able  to  recognise  the  stem  of  the  archipterygium,  with  rays  attached 
to  one  side  of  it ;  no  rays  are  now  attached  to  the  shoulder-girdlej 
the  stem  only  is  so  attached.  The  arrangement  of  the  joints  of  the 
rays  in  rows  set  obliquely  to  the  stem— which  is  just  the 
same  arrangement  as  that  of  tho  primitive  rays^ — is  obscured  by 
Bubsequent  transverse  jointings  but  it  can  be  recognised  without 
difficulty  in  the  lower  forms.  This  jointing  gives  rise  to  new  pieces  ; 
transverse  rows  of  the  joints  of  the  rays^  as  well  as  the  corresponding 
joints  of  the  stem,  being  developed  into  longer  pieces.  This  change 
is  due  to  a  change  in  function,  in  consequence  of  wliich  the  ap- 
pendage is  converted  from  a  swimming  organ  into  a  compound  system 
of  levers. 

In  Ichthyosaurus  among  the  Enabosam-ii  the  basale  of  the 
arcbipterygium   is  first  of   all  differentiated  fi*om  the   rest  of  the 
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appendage  as  a  lai*ge  bone,  which  fonns  apiece  of  about  tlio  same  size 
as  tlie  rest  of  the  appendage  ;  this  may  be  called  the  humerus.  In 
Plosiosaiirus  two  succeeding  pieces,  which  in  Ichthyosaurus  are  still 
indifTerontj  are  also  iocreased  in  size;  these  correspond  to  the  fore- 
radius  and  ulna;  these  are  succeeded  by  two  transverse  rows  of 


arm 


fimaller  pieces,  which  form  a  carpus,  and  these  agniu  by  longer  rows 
oi  boney,  which  represent  the  metacarpus  and  the  phalanges  of  tho 
fingers.  The  segmentation  which  affects  the  appendage  after  the  stem 

and  rayn  are  broken  u]i  into  several  pieces, 
may  here  be  seen  in  its  different  stages. 

The  arrangements  which  are  presented 
by  the  Amphibia  are  similar  in  character; 
for  although  one  finger  is  atrophied,  we  can 
fill  up  the  void  by  the  aid  of  the  arrange- 
ments seen  in  the  hinder  Mmb,  where  they 
are  complete.  The  stem  of  the  archiptery- 
gium  must,  thereforCj  be  sought  for  in  a 
lateral  series  of  skeletal  pieces^  which  ex- 
tends from  the  humerus,  through  the  ulna 
to  the  fifth  finger,  and  in  the  cai*pus  con- 
sists of  two  pieces.  The  other  skeletal 
pieces  are  arranged  on  these  rays.  One 
ray  begins  with  the  i"adius_,  and  extends 
into  the  fii^t  finger.  A  second,  third,  and 
fourth  begin  in  the  carpus,  and  end  in  the 
second,  third,  and  fourth  fingers.  The 
primitive  carpus  is  therefore  composed  of 
ten  pieces ;  five  carpals  carry  the  fingers^ 
three  are  attached  to  the  bones  of  the  foi^- 
arm ;  tbe^c  are  the  radial,  intermedium,  and 
ulnare;  two  centralia  ( f  r )  are  enclosed  by 
these  two  sets. 

The  change  in  the  function  of  this  appendage  is  connected  with 
a  rotation  of  the  humerus  on  its  own  axis,  and  this  rotation  may  be 
observed  in  the  individual  devehipment  of  higher  forms.  It  brings 
about  a  difference  in  the  position  of  the  limb  as  compared  with  that 
of  lower  forms. 


Fig.  265.  Dia^am  of  tho 
foit?*limb  of  II ti  Amphi- 
bJRii*  Tho  dotted  linefl 
indicate  tho  mye^  which 
remain  attached  totheatem 
of  the  Art'hipterj'gium, 


§  mi. 

A  more  or  less  complete  copy  of  the  ty]>ical  form  of  limb  derived 
from  the  archipterygium  is  retained  in  all  divisions  of  the  Verte- 
brata.  In  all  there  are  often  unmistakable  traces  of  the  characteristic 
relations^  in  opposition  to  which  numerous  deviations,  due  chiefly  to 
reduction  and  concrescence^  make  their  appearance.  These  modifi- 
cutiuns  are  clearly  due  to  tlio  varied  uses  to  which  the  limbs  are  put, 
just  as  the  complete  atrojihy  of  some  parts,  or  even  of  the  whole  limb, 
are  due  to  their  being  no  longer  required. 
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In  tlie  Amphibia  the  two  upper  portions  are  greatly  developed, 
but,  except  that  the  radius  and  ulna  are  fused  in  the  Anura,  they 
present  no  such  striking  differences  as  those  which  are  seen  in  the 
carpus. 

Some  of  the  primitive  carpalia  disappear  in  the  distal  row ;  with 
this  is  generally  correlated  a  shortening  of  the  fingers,  which  are 
commonly  limited  to  four ;  or,  again,  two  or  three  carpalia  may  be 
fused  together  (Frogs,  etc.).  Concrescence  may  likewise  be  seen 
to  affect  the  proximal  series  of  carpalia. 

In  the  Reptilia,  the  various  portions  of  the  skeleton  of  the  arm 
are  least  altered  in  the  Chelonii,  which  have  not  only  nine  carpal 
bones,  but  all  five  fingers.  In  the  Saurii  two  of  the  three  carpalia 
of  the  first  row  are  fused  together ;  those  of  the  second  row  are  also 
greatly  modified,  and  are  reduced  in  number  when  any  of  the  fingers 
disappear.  The  carpus  is  still  more  altered  in  the  Crocodilini.  The 
radiale  has  become  much  larger  than  the  ulnare,  and  the  second  row 
of  carpalia  is  merely  represented  by  a  few  elements,  which  are 
always    partly    cartilaginous.     The  two  ulnar  fingers   are   conse- 


Fig.  260.    Skeleton  of  the  arm  of  Ciconia  alba.     /»  Hnmerns.    ii  Ulna,    r  Badins. 
e  c*  Carpus,     ni  Metacarpus,    p  p'  p"  Phalanges  of  the  first  three  fingers. 

quently  shortened  in  comparison  with  the  three  radial  ones.  In  the 
limbs  of  the  snake-like  Saurii  there  are  all  stages  of  reduction. 
The  Ophidii  are  distinguished  by  the  complete  absence  of  these 
parts. 

In  birds,  where  the  whole  of  the  fore-limb  is  converted  into  an 
organ  of  flight,  the  reduction  of  the  manus  is  still  more  marked. 
Two  bones  only  (Fig.  266,  cc')  are  well  developed  in  the  carpus, 
while  a  piece  of  cartilage,  which  corresponds  to  the  second  row  in 
the  carpus,  soon  fuses  with  the  base  of  the  metacarpus.  Three 
fingers  are  always  more  or  less  developed  in  the  manus;  in  the 
Saururaa  these  were  permanently  separate,  but  in  the  Ratitae  and 
Carinatae  the  metacarpals  (m)  of  the  second  and  third,  and  generally 
also  that  of  the  first,  are  fused  into  one  piece  of  bone.  On  the 
third  finger  there  is  a  rudiment  of  a  fourth  one. 

As  compared  with  the  Saurii,  the  number  of  phalanges  is 
reduced  in  Birds.  In  the  Saurii,  starting  from  the  first  finger  of 
the  radial  side,  which  has  two  phalanges,  we  find  one  more  in  each 
finger  as  far  as  the  fourth,  which  has  five ;  but  the  fifth  finger  has 
not  so  many.  In  the  Crocodilini  this  increase  stops  at  the  third ; 
in  most  Birds  the  second  finger  has  only  two  phalanges  (p*),  the 
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first  and  third  one  only  {pj^'jl  the  first  and  second  fingers  rarely 
have  an  extra  phalanx. 

FniBBfXoKB,  M.,  Die  Knooben  imd  Muakelu  dov  Extrcmifciiton  bei  den  achlau* 
getiartigen  Sanriem.     Leipzig,  1870. 


§365, 

The  greater  variation  in  adaptive  relationa  to  varioos  conditions 
is  implied  by  the  greater  variations  in  the  istriictare  of  the  skeleton  of 
the  Mammalian  forelimb*  Its  eleineiitg  Homewhat  reaemble  the 
lower  condition,  such  as  is  seen  in  the  Chelonii,  with  regard  to  the 
Tx limber  of  the  carpal  bones.  Although  the  mamis  is  often  modified 
hj  the  atrophy  of  certain  fingers,  the  extremity,  even  in  the  lower 
divisions  of  the  Mammalia,  has  very  various  uses.  Owing  to  the 
greater  power  of  movement  possessed  by  the  two  bones  of  the  fore- 
armj  and  the  connection  between  one  of  them  {the  radius)  and  the 
manus,  the  anterior  extremity  loses  its  lower  function  of  an  organ 
of  aupportj  and  is  converted  into  a  prehensile  organ.  This  phasno* 
raenon  is  seen  in  the  Didelphia,  as  well  as  in  the  Monodelphia ;  it  is 
most  complete  in  the  I'riuiates*  The  caqDus  has  the  three  primitive 
pieces  of  the  proximal  row»  A  central e,  also,  is  not  unfrecpiently 
present  (Rodeutia,  lusectivoraj  Lemurs,  Orang,  and,  for  a  short 
time,  Man).  The  distal  row  of  the  carpus  have  the  two  ulnar  bones 
fused  into  an  uncinate  {cf.  Fig.  208,  I  II),  Tlie  pisiform  is  a 
special  bone,  which  is  attached  to  the  ulnar  edge  of  the  carpus;  it 
is  very  large  in  many  forms.  It  is  also  found  in 
the  Reptilia,  and  may  be  shown  to  be  the  soli- 
tary remnant  of  a  numerous  series,  which  was 
possessed  by  the  Eualiosaurii. 

The  modifications  derived  from  this  series  of 
forms  are  very  closely  correlated  with  the  function 
of  these  parts*  When  the  arm  is  used  as  an  organ 
of  flight  (Chiroptera)j  we  find  that  its  different 
portions  are  considerably  elongated;  and  so, 
again,  they  are  shortened^  and  various  parts  be- 
come very  large  in  those  numerous  eases  in 
which  the  aim  acquires  a  special  function,  as  in 
digging  and  so  on;  the  Monotremata,  many 
Edentata,  Talpa,  etc.,  are  examples  of  this.  In- 
stead of  this  great  increase  in  size,  which  is  seen 
in  various  parts  of  the  skeleton  of  the  arm,  there 
may  be  atrophy,  as  is  the  case  with  the  fore-limb 
of  the  Cetacea.  It  forms  a  paddle,  tlie  separate 
parts  of  which  have  but  little  power  of  move- 
ment, and  the  various  bones  of  these  parts  may 
lose  all  their  articulations,  and  become  united  iuto  an  unjoin  ted 
fin-like  mass  (Fig,  267), 

In  another  series,  several  of  the  fingers  are  atrophied,  and  the 


Fig.  267*  Anterior 
oxtrenLitj  of  a  young 
Dolphin,  s Scapula. 
h  Humerus,  r  Ba^ 
diufl.  u  Ulna,  c  Car. 
puB.  m  Metacjcu-pas. 
p  FlialaziKeia. 
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fore-limb  becomes  a  mere  organ  of  support  and  locomotion.  It  is 
clear  that  tliis  is  not  a  primary  condition  from  the  relative  position 
of  the  bones  of  the  fore-arm,  which  requires  ns  to  presuppose  a 
condition  in  which  they  were  capable  of  pronation  and  supination. 
As  tho  limb  ceases  to  have  more  than  one  function,  this  power  ia 
lost  J  the  radius  and  ulna  arc  connected  immovably,  and  this  may 
lead  to  the  atrophy  of  various  parts  of  these  bones,  or  to  their  more 
complete  fusion  with  one  another.  This  is  tho  case  in  the  Artio- 
dactyla,  where  the  distal  end  of  the  ulna  is  rudimentary  in  tho 
Euminant  farms.  In  the  Tylopoda  and  Solidungula  this  end  of  tho 
nloa  has  quite  disappeared,  while  the  upper  end  is  united  with  tho 
radius  into  one  bone. 

The  fingers  may  take  on  one  of  two  Seta  of  characters.     In 


^    5 


Fig".  268.   Bkeleton  of  the  tnanns  of  variona  Mammals    I  Mao.    U  Bog.     HI  Pig. 

IP   Ox.      F   Tapir.       VI  HorsG,      r  Hadius.     u  Ulna,     a  Scaphoid,      h  Lnuat-. 

c  CEaeiform.     cl  TrapeduiP.     e  Trapezoid.    /  Magnmn.    g  Undoate.    p  Piaifonn. 
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either  case  the  poUex  is  absent,  and  it  is  not  functional  even  in  the 
digitigrade  carnivora  (Fig.  268^  J/).  Of  the  remaining  digitsj 
however,  the  third  and  fourth  are  bo  greatly  developed  in  the 
Artiodactyla  (III  il"),  that  the  other  two  (2  and  5)  often  do  not 
touch  the  ground  (Siiinaj  Moschida^).  The  fifth  finger  is  next  lost, 
so  that  the  tliird  and  fourth  only  are  well-developed,  and  the  second 
forms  a  mere  appendage  (Anoplotherium).  The  third  and  fourth 
fingers  become  stUl  larger  when  their  two  metacarpals  are  fused 
together  (IV)j  while  the  second  and  fifth  fingers  become  rudi- 
mentary (Oxen,  Sheepj  Deerj  etc.).  The  Perissodactyle  series  also 
begins  with  the  four-fingered  form,  but  in  them  one  finger  only 
(the  third)  is  markedly  larger  (Tapir)  (K).  When  the  fifth,  which 
is  already  the  smallest,  disappears  (Paleeotherium),  the  second 
and  fourth  are  attached  to  the  third  in  the  form  of  appendages 
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(Hipparion),  and  when  the  two  lateral  fingers  are  reduced  to  their 
inetacarpals  alone,  these  are  attached  to  the  large  metacarpus  of  the 
third  finger  as  iiiero  *' splint-bonea^*  0^^)f  ^^i^d  the  third  fingor 
becomes  tlie  sole  support  of  the  liinb  (Eqims). 

The  number  of  phaliinges  in  the  different  fingers  is  increased  in  the 
Cetacea  only ;  all  other  Mammals  have  two  in  the  pollex,  and  three 
in  all  the  other  fingers. 


Posterior  Appendages. 


Pelvic   Girdle, 
§  366. 

The  relations  of  the  pelvic  girdle  are  also  correlated  with 
differences  in  the  functions  of  the  extremity.  The  homology 
between  the  tw^o  skeletal  portions  is  consequently  more  fully  recog- 
ninahle  as  the  functions  of  the  two  extremities  are  more  nearly 
the  same,  and  the  extent  to  which  they  are  differentiated  fram 
one  another  less. 

A  single  piece  of  cartihige  forms  the  groundwork  of  the  pelvic 
girdle.  In  the  Selaehii  this  is  rarely  enlarged  in  a  dorsal  direction. 
In  the  Ganoidei  and  Teleostei  the  two  halves  of  the  ossified  portion 
arc  connected  in  the  middle  line.  They  undergo  considerable  varia- 
tions in  position^  for  they  may  be  placed  more  or  less  anteriorly  and 
close  to  the  shoulder-girdle  {Pisces  thoracici),  or  may  even  bo  united 
with  it  (Pisces  jugulares). 

In  the  Amphibia  the  two  bones  of  the  pelvis  are  connected  with 
the  vertebral  column;  at  the  same  time  they  may  be  seen  t^  be 
divided  into  two  pieces  at  the  point  where  they  are  connected  with 
the  femur ;  the  dorsal  one,  which  is  attached  to  a  transverse  pro- 
cess {that  is,  to  a  rudimentary  rib),  forms  the  ilium  ;  the  ventral  onej 
which  is  connected  along  the  middle  line  with  its  fellow  of  the 
opposite  side,  is  known  as  the  ischio-pubic  bone  (Urodela).  There  is 
reason,  however,  for  supposing  that  it  merely  corresponds  to  an 
ischium*  This  arrangement  ie  modified  in  the  Anura  (cf.  Pig,  225), 
for  the  long  and  slender  ilia  (//)  are  united  with  the  ischio-pubic 
bones  (iW),  which  are  converted  into  a  vertical  disc,  and  fused  with 
one  another. 

The  ilium  of  the  Reptilia  is  greatly  developed;  in  Chamseleo  it 
resembles  a  scapula,  and  is  continued  into  a  process,  which  is  com- 
parable to  a  supra-sciipula.  In  the  Saurii  it  is  elongated  (Pig.  2G9, 
Jl) ;  in  the  Crocodilini  it  is  shorter  and  broader  {Fig.  270,  //),  The 
bone  is  directed  forwards,  so  that  it  is  connected  with 
the  sacrum  behind  the  acetabulum.  In  the  Saurii  and  Che* 
lonii  the  ventral  portion  of  the  pelvis  is  continued  from  the  aeeta- 
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bulum  into  two  divergent  pieces  (Pig.  269),  which  enclose  a  largo 
opening  (foramen  obturatum).  The  anterior  process  is  called  the 
pubis  (P),  the  posterior  one  the  ischium  (Js).  The  two  bones  of  either 
side  are  more  or  less  connected  together  along  the  middle  line, 
but  this  connection  may  disappear.     The  pelvis  of  the  Crocodilini 


Fig.  269.    View  of  the  left  side  of  the 

pelvis  of  Monitor.  Jl  Iliam.  Js  Isohium. 

r  Pubis,  a  Hinder  end  of  the  ilium,  h  Its 

anterior  process. 


Fig.  270.  View  of  the  left  side  of  the 
pelvis  of  Alligator  Incius.  a  y  Two 
limbs  of  the  isohinm,  which  unite  with  r  s, 
two  processes  of  the  ilium,  to  enclose  a 
foramen  (o)  at  the  base  of  the  acetabulum. 
The  other  letters  as  in  Fig.  269. 


(Fig.  270)  differs  from  this  in  many  points,  for  a  single  bone  (Jg)  is 
given  off  ventrally  from  the  acetabulum,  and  is  connected  by  means  of 
two  processes  with  the  ilium  {x  y).  It  appears  to  represent  an 
ischium  only,  while  a  bone,  which  takes  no  part  in  the  acetabulum, 
but  articulates  with  the  ischium  (p),  and  converges,  like  its  fellow, 
towards  the  anterior  wall  of  the  abdomen,  represents  the  pubis. 

The  pelvis  in  the  fossil  Dinosaurii  was  of  the  same  character  -, 
the  ilium  was  distinguished  by  a  process  which  was  directed  forwards, 
and  of  which  there  is  an  indication  only  in  the  extant  Saurii  and 
Crocodilini  (6).  The  acetabulum  was  similarly  incomplete,  and  was 
connected  with  a  long  ischium,  which  was  directed  obliquely  back- 
wards and  downwards,  and  was  not  united  with  its  fellow  of  the 
opposite  side.  A  long  pubis,  which  also  ended  freely,  was  given  off 
from  the  anterior  margin  of  the  acetabulum,  and  ran  parallel  to  the 
ischium. 

This  relation  of  parts  is  the  same  as  that  which  characterises  the 
Avian  pelvis  (Fig.  271).  In  them  the  ilium  {JJ)  does  not  only 
extend  a  long  way  back  {a  a),  but  its  anterior  process  is  converted 
into  a  broad  plate  {b  h).  This  extends  along  the  lumbar  region  of 
vertebral  column,  and  even  into  the  thoracic  region,  and  so  presses 
a  very  large  number  of  vertebraD  into  the  pelvic  region.  The  ischium 
(Ji^)  runs  backwards  from  the  incomplete  acetabulum,  and  in  a 
direction  which  is  nearly  parallel  to  that  of  the  hinder  portion  of  the 
ilium ;  the  small  pubis,  which  has  a  slight  share  in  the  formation 
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Fig.  271.  View  of  the  left  side  of  a  Bird's  pelviB. 
The  dotted  portion  represents  that  part  of  the  three 
pieces  of  the  pelvis,  which  extends  backwards  bj  the 
deyelopment  of  cartilage.  The  dotted  line  marks  off 
that  portion  of  the  ilinm  (bb)  which  g^ws  forwards 
without  the  addition  of  any  cartilage.  The  letters  as 
in  ijie  preceding  figures. 


of  the  acetabulum,  takes  the  same  course ;  its  ends  project  farther  back 
than  those  of  the  ischium,  and  generally  converge ;  in  Struthio  they 

even  form  a  sjrmphy- 
-'  sis.  There  are  various 

^     ^ "  kinds  of  connections 

between  the  ilium  and 
ischium,  and  between 
these  and  the  pubis. 

The  pelvis  in  the 
Mammalia  is  very  dif- 
ferent. The  primi- 
tive connection 
with  the  sacrum 
is  always  in  front 
of  the  acetabulum. 
The  ilium,  however, 
is  directed  from  be- 
fore backwards,  and 
the  hinder  edge  of  the 
Bird's  ilium  corresponds  to  the  anterior  edge  of  the  Mammal's 
ilium.  Two  different  positions  therefore  for  the  ilium  are  derived 
from  the  Amphibia.  In  the  Amphibia  it  is  directed  laterally  and 
inferiorly  away  from  its  connection  with  the  sacrum,  in  Beptilia 
and  Aves  obliquely  forwards,  and  in  Mammalia  obliquely  back- 
wards.    The  ventral  portion  of  the  pelvis  encloses  an  obturator 

foramen,  and  is  united  ven- 
trally  with  that  of  the  other 
side. 

The  primitive  pelvic  carti- 
lage gives  rise  to  the  ilium  and 
ischium ;  the  pubis  is  derived 
from  a  separate  rudiment, 
which  is  united  with  the 
ischio-iliac  rudiment  in  the 
acetabulum  (Man).  This  leads 
us  to  think  that  the  pubis  is 
an  independent  piece  of  the 
skeleton,  which  has  retained 
its  independence  in  the  Cro- 
codilini.  The  ilium  of  the 
Mammalia  is  connected  with 
a  few  vertebrae.  The  ischium 
also  may  be  united  with  the 
false  sacral  vertebrsa  (Dasy- 
pus,  Bradypus).  When  the 
two  ventral  pieces  are  united  at  the  ischio-pubic  symphysis,  as  they 
are  in  the  Marsupialia,  many  Bodents,  Artiodactyla,  and  Peris- 
sodactvla,  the  pelvis  is  elongated  in  form.  In  the  Insectivora 
and  Oamivora  the  greater  part  of  the  symphysis  is  formed  by 


Fig.  272.    View  of  the  left  side  of  the  pelvis 

of  a  Dog.      il  Iliom.     is  Ischiam.     p  Os 

pubis,      vl   Penultimate   lumbar   vertebra. 

vc  Caudal  vertebra. 
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tho  two  pubic  bones,  and  tliis  is  still  more  marked  in  the  higher 
orders. 

An  iudepondcTit  adaptation,  which  is  seen  in  various  Manimak 
(Insectivora  and  Chiroptera),  is  the  presence  of  a  ligamentous  con- 
nection instead  of  the  pubic  symphysis  ;  this  may  be  very  wide  in 
the  female  (Erinaceua). 

When  the  posterior  extremities  are  absent,  the  pelvic  girdle  also 
undergoes  atrophy.     There  are  rudiments  of  it  in  the  Cetacea. 

In  the  Monotremata  and  Marsupialia  there  are  two  bones  in 
front  of  the  pubes  ;  these  marsupial  bones  are  directed  forwards;  in 
Thjlacinus  they  are  reduced  to  small  rudiments  in  cartilage, 

Geo£Nbaub,  C,  Beitrago  'inr  KGntitmsa  dcs  Bcckcng  der  VogeL  Jen.  Zeitschn 
VI.— Hoffmann,  C.  K.,  Beitriigc  ztir  Konntnlse  dea  Bockcns  der  AmpMbieii 
u.  Itoptilieu,    Kiederland.    Arch.  Ill, 


Posterior  Extremity, 
§  367. 

We  find  just  the  same  arrangements  in  tho  hind-limb  as  we  have 
described  as  existing  in  the  fore-Hmb*  In  Fishes  the  hind  limb  forms 
the  ventral  hn.  In  the  Solachii  its  skeleton  has  the  same  characters 
as  that  of  the  thoracic  fin;  the  most  striking  difference  is  that  the 
rays  are  aiTanged  in  a  simpler  manner.  The  basal e  of  the  stem  is 
generally  greatly  elongated.  The  joints  which  succeed  the  basal 
piece  undergo  a  special  metamoi'phosis  in  the  male,  where  they  are 
converted  into  copalatory  organs. 

The  skeleton  of  the  ventral  fin  in  the  Granoidei  may  he  derived 
from  this  by  supposing  that  there  has  been  a  peripheral  reduction, 
very  similar  to  that  which  we  saw  in  the  skeleton  of  tho  thoracic 
fin ;  and  the  Teleostean  fin  can  bo  derived  from  the  Ganoid.  ITiis 
is  generally  much  simplified,  both  as  regards  the  size  and  the 
number  of  its  separate  pieces,  in  consequence  of  the  feebler  develop- 
ment of  the  whole  ventral  fin.  In  both  divisions  the  dermal  skeleton 
takes  part  in  increasing  the  surface  of  the  ventral  fin,  just  as  it  has 
been  shown  to  do  in  the  thoracic  one. 

When  wo  come  to  compare  the  hinder  extremity  of  the  higher 
Vertebrata  with  the  ventral  fin  of  Fishes,  we  must  again  begin  with 
the  archipterygium,  which  seems  to  be  the  lowest  stage  of  this 
extremity  also.  The  segmentation  of  the  extremity  into  successive 
pieces  is  a  repetition  of  the  arrangement  which  we  met  with  in  the 
skeleton  of  the  arm.  Wo  distinguish  tho  femur,  tibia,  and  fibula; 
and  lastly,  in  the  foot,  a  tarsus,  metatarsus,  nnd  phalanges*  Tlio 
four  inner  toes,  and  the  parts  that  carry  them,  may  be  again 
regarded  as  joints  of  the  rays  which  are  given  off  from  a  row  of 
bones  extending  from  the  femur,  through  the  fibnla,  to  the 
outermost  toe.     Tlie  tarsus  is  made  up  of  ten  pieces,  three  of  which 
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are  attached  to  the  leg;  these  are  the  fibulare^  intermedium^  and 

tibiale.      There  are  two  centralia ;  and  five  distal  tarsalia  carry  tho 

bones  of  the  metatarsus  (cf.  Pig.  265). 

In  the  Enaliosaurii  the  skeletal  portions  of  the  hinder  extremity 

ai^e  an  exact  repetition  of  those  of  the  anterior  one ;  and  even  in 

some  of  the  Amphibia  (Urodela)  we  meet 
with  an  arrangement  which  is  the  same 
in  all  essential  points^  so  that  we  need 
not  describe  them    specially.     In  most 
Urodela,  all  the  five  terminal  pieces,  or 
toes,  are  retained  in  the  hind-limb ;  this 
is  more  distinctly  like  the  primitive  form 
than   is   the  skeleton  of  the  fore-limb. 
In     Cryptobranchus,     Menopoma,     and 
others,  the  two  centralia  even  are  per- 
sistent.     But  in  the  Anura  there  is  a 
very  great  change;  the  tibia  and  fibula 
are  fused.      In  the  place  of  the  three 
proximal    tarsal    bones    there    are    two 
long  bones,  which   are,  however,  often 
fused  at  their  ends ;  they  are  ordinarily 
known  as  the  astragalus  and  calcaneum. 
The   distal  row  of  tarsal  bones  is  also 
greatly  reduced.     Finally,  we  must  note 
the  presence  of  a  rudiment  of  a  sixth  toe, 

§368. 

In  the  Chelonii  there  are  unimportant 
modifications  in  the  larger  pieces  of  the 
extremities ;  in  addition  to  this  we  must 
note  the  gradual  concrescence  of  some 
of  the  bones  of  the  tarsus,  which  is  of 
great  impoi*tance  as  explaining  the  ske- 
leton of  the  foot  in  Birds,  as  well  as  in 
other  Reptiles.  An  intermedium  is  united 
with  a  tibiale  to  form  an  astragalus ;  and 
the  centrale  is  attached  to,  or  even  com- 
pletely fused  with,  this  bone.  The  fourth 
and  fifth  tarsalia  similarly  form  a  single 
bone,  the  cuboid.  Owing  to  the  forma- 
tion of  a  single  piece  out  of  the  bones 
of  the  first  tarsal  row,  and  the  firm  union  that  is  effected  between 
this  piece,  and  the  tibia  and  fibula,  the  foot  gets  to  be  articulated 
in  a  peculiar  manner.  It  moves  on  an  intertarsal  joint.  The 
skeleton  of  the  Crocodile's  foot  is  somewhat  different.  The  tibia 
and  fibula  articulate  with  two  bones,  of  which  the  fibulare  has  the 
greater  power  of  movement.  The  larger  bone,  connected  with  the 
tibia,  corresponds  to  the  similar  bone  in  the  Chelonii.     A  piece  of 


Fig.  273.  HiDder  oztromitjof  a 
larva  of  Salamandra  macu- 
losa. Tho  dotted  Udos  aro 
drawn  through  the  rays,  to 
which  the  different  pieces  Ix;- 
long. 
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cartilage,  which  is  more  closely  connected  with  the  motatai'aus,  ifcj 
articulated  to  it ;  while  a  cuboid  is  artic ukted  to  the  fibula.  Owing 
tu  tho  iudepciidonce  of  the  iibida,  we  have  hero  a  peculiarity, 
which  is  only  seen  again  in  tbo  Mammalia,  lu  tho  Saurii,  tbo 
tarsal  bono  dereloped  ont  of  four  primary  eleuienta  (Fig.  274,  A  fs) 
haii  no  signs  of  iti  constituent  parts  even  in  the  embryo.  It  is 
immovably  connected  with  the  tibia  and  fibulaj  whilo  the  diiital 
bonea  of  the  tareua  (//)  are  more  or  less 
connected  with  the  metatarsus.  This 
appeal's  to  have  been  most  complete 
in  the  fossil  Saurii  (Ornithoscelida), 

In  these  arrangements  wo  may  per- 
ceive an  outline  of  what  obtains  in  the 
foot  of  the  Bird,  which,  in  its  em- 
bryonic condition  {Fig.  274,  B),  pre- 
8ent3  us  with  those  charactera  which 
arc  permanent  in  many  Heptiles.  The 
fibula  (j}}  extends  to  the  tarsus.  This 
is  formed  of  two  pieces  of  cartilage ; 
the  upper  one  (f)^)  is  undoubtedly  liomo- 
logous  with  the  bone,  which  is  made  np 
of  four  elements  in  the  Reptiha;  the 
lower  one  {ii)  corresponds  to  the  distal 
series  of  tarsal  bones.  The  metatarsus 
is  made  up  of  five  bones,  which  were 
primitively  separate,  but  only  four  of 
these  (B^  I— IV)  cany  toes,  while  the 
fifth  is  very  small  and  completely  fused 
with  the  distal  portion  of  the  tarsus. 
The  difference  between  the  adult  and 
embryonic  arrangements  consists  in 
the  degeneration  of  the  fibula  (Fig. 
275,  b  )f  which  later  on  is  attached  to 
the  tibia,  as  a  small  appendage  (//), 
and  which  never  reaches  the  tarsus  (b). 
The  proximal  tarsal  cartilage  fuses 
with  the  tibia^  and  forms  its  articular 
condyle;  the  distal  one  unites  with 
the  single  piece  {r)j  which  is  formed 
from  the  fusion  of  the  three  longer 
metatai*sal  bones,  and  in  which  no 
permanent  signs  of  separation  can  be 

made  out  except  what  is  implied  by  the  separate  condyles  at  its 
distal  end  (Fig.  275,  c*}.  The  met^itarsal  of  the  hallux  remains  dis* 
tinctj  and  generally  forms  a  small  appendage  of  the  large  tarao- 
metatarsus.  The  arrangements,  therefore,  which  are  seen  in  the  foot 
of  the  Reptile  are  still  further  developed  in  that  of  the  Bii\l,  for  the 
parts  which  in  the  former  are  merely  united  firmly  together^  are  fused 
in  the  latter;  the  foot  still  moves  on  the  same  intertarsal  joint. 


Fig.  27^.  Skeleton  of  tbo  fool  of 
a  Reptile  (Lizard)  (A)  and  a  Biril 
(B)  J  the  latter  i»  m  ita  cmbryonii; 
coudition.  /  Femur.  t  Tibia. 
p  Fibula^  is  Upper,  ti  Lower 
piece  of  the  t&rsas,  m  Metatarsaa, 
I — V  MetatarsaliA  ol  tbe  tooB. 
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With  regard  to  tho  toes,  we  find  five  to  be  the  dominant  number 
in  tho  Ileptilia ;  it  is  in  Birds  only  that  they  fall  to  four,  or  three,  or 
even  to  two  (Struthio).  The  phalanges  of  the 
toes  generally  increase  in  number  from  within 
outwards ;  there  are  two  on  the  hallux  and  five 
on  the  fourth  toe.  This  holds  for  the  Saurii, 
Crocodilini,  and  Aves.  There  are  not  so  many 
in  the  Amphibia  or  Chelonii.  Amongst  tho 
Reptilia  the  limbs  are  reduced  in  the  snake-like 
Lizards,  and  in  all  Ophidii,  among  which  the 
Peropoda  only  are  provided  with  any  rudiments 
of  them  at  all. 

Gkoenbaxtr,  0.,  UnterauohuDgon  znr  vergloich.     Asat.  I. 
Leipzig,  1864. 

$  369. 

The  special  differentiations  in  the  skeleton  of 
the  hind-limb  of  Birds  and  B>eptiles  do  not  re- 
semble those  which  are  seen  in  the  Mammalia. 
As  a  rule  it  is  less  altered  than  the  fore-limb. 
In  tho  Perissodactyla,  many  Rodents,  etc.,  tho 
femur  is  distinguished  by  the  possession  of  a 
third  trochanter.  The  tibia  is  the  most  im- 
portant bone  of  the  leg;  the  fibula  is  often  rudi- 
mentary, especially  in  the  Ungulata.  In  tho 
Artiodactyla  the  distal  end  remains ;  it  is  articu- 
lated to  the  tibia  and  to  the  tarsus  (astragalus), 
and  appears  to  enter  into  the  composition  of  tho 
latter.  In  some  (as  in  Rodents  and  Insectivora) 
the  tibia  and  fibula  are  complete,  and  are  fused 
together. 

The  tarsus  is  the  most  characteristic  part ;  it  is  attached  by  two 
pieces  to  the  leg,  but,  as  a  rule,  only  one  of  these  forms  the  ankle- 
]oint.  The  process  on  the  second  bone  (calcaneum),  of  which  there 
were  indications  in  the  Crocodilini,  is  still  more  developed.  Tho 
centrale  remains  separate,  but  passes  to  the  inner  edge  of  tho  foot, 
where  it  forms  the  navicular.  In  some  of  the  Prosimiae  it  unites 
with  the  calcaneum  to  form  a  long  process  (Macrotarsi).  Of  tho 
five  distal  bones  the  two  outer  ones  are  always  replaced  by  tho 
cuboid,  while  the  three  inner  ones  generally  remain  distinct  (cunei- 
form). When  the  number  of  toes  is  diminished,  these  latter  bones 
are  often  reduced ;  they  may  even  fuse  with  the  metatarsus,  as  in 
Bradypus.  The  cuboid  also  may  be  united  to  the  navicular 
(Buminantia). 

In  addition  to  its  primitive  function  as  an  organ  of  support 
and  of  movement,  the  foot  may  be  developed  into  a  grasping  organ ; 
when  this  happens,  the  foot  comes  to  resemble  in  many  points  the 
end  of  the  fore-limb,   or  hand.     But  in  all  essential  points  of 


Fig.  276.  Hinder  ox- 
tromity  of  Batoo 
vnlgaris.  o  Femur. 
6  Tibia,  h'  Fibula. 
c  Tarso-motatarBiis. 
if  The  same  piece 
isolatod,  and  seen 
from  in  front,  d  cf 
d"  d'"  Four  to€8. 
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structure  it  is  still  a  foot,  so  long  as  wo  hold  to  tlio  anatomical 
conception  of  what  hand  and  foot  nre,  and  do  not  pnt  functional 
relations  into  the  fore-ground ;  and  if  wo  do,  then  the  proboscis 
of  the  elephant  is  a  *'  hand^'  also. 

This  change  in  the  character  of  the  foot  is  seen  in  many  Mar- 
supiaLs,  ProsimisD,  and  Primates,  Tho  chief  change  lies  in  the 
development  of  the  first  too  in  a  manner  similar  to  that  in  which 
the  thumb  of  the  hand  is  developed.  In  Man  also  there  are  indica- 
tions of  the  foot  having  once  been  a  prehensile  organ.  When  this 
function  is  lust,  the  hallux  is  shortened  in  proportion  to  the  extent  to 
which  the  whole  of  the  sole  of  the  foot  ceases  to  take  part  in  loco- 
motion. The  shorter  hallux  is  then  functionally  inoperative  (Digiti- 
grado  Carnivora).  It  disappears  altogether  in  the  Ungulata,  where 
the  limbs  do  nothing  but  aid  in  locomotion  and  support  the  body. 
The  characters  of  the  metatarsus  and  digits  are  parallel  in  character 
to  those  of  the  fore-limb  in  tho  Artio-  and  Porissodactyla.  In  the 
latter,  the  gradual  conversion  of  the  foot  from  a  four-toed  to  a  one- 
toed  condition  has  been  recognised  aa  obtaining  in  the  same  paheon- 
tological  series  as  that  which  has  already  been  pointed  out  in 
riefereace  to  the  fore-limb. 


Muscular  System, 

§  370. 

The  muscular  system  of  the  Vertetrata  is  differentiated  from  tho 
mesoderm  in  the  embryo,  and  is  divided  in  a  way  corresponding  to 
the  metamerism  of  the  whole  body.  Before  the  skeleton  is  differen- 
tiated the  musculature  below  the  integument  unites  with  it  to  form 
a  denno-muBcular  tube,  similar  to  that  of  segmented  Invertebrata  in 
many  points,  although  not  immediately  derivable  from  one  of  those 
forms. 

Its  relafcions  to  the  skeleton,  and  the  formation  of  a  muscular 
system  connected  with  the  skeleton,  are  therefore  acquired  in  pro* 
portion  to  the  extent  to  which  they  are  concerned  in  the  develop- 
ment of  the  skeleton.  In  Amphioxus,  where  the  skeleton  is 
essentially  formed  by  the  chorda  dorsalis,  the  musculature,  in  the 
region  of  the  trunk  at  any  rate,  has  none  of  these  relations ;  it  is 
only  in  that  portion  of  the  body  which  encloses  the  respiratory 
cavity  that  it  seems  to  have  any  relations  to  the  visceral  skeleton. 
The  whole  of  the  musculature  is  armnged  in  two  lateral  longitudinal 
masses,  which  are  separated  by  connective  tissue  into  dorsal  and 
ventral  masses.  These  longitudinal  bands  of  muscle  are  separated 
by  septa  of  connective  tissue  into  a  series  of  metameres  (myocom- 
mata) ;  and  each  septum  serves  for  the  origin  as  woU  as  for  tho 
insertion  of  the  fibres,  which  take  a  straight  course  between  them. 
WTiile  this  mass  of  muscle  extends  along  the  whole  of  the  dorsal 
region  of  the  body,  it  is  modified  in  the  ventral  snrfaco  of  the 
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ivuterior  portions  of  the  body,  owing  to  its  relations  to  the  branchial 
skeleton. 

In  the  Cydostomata  also  the  greater  purt  of  tlio  muscular 
system  lius  no  direct  conuection  with  the  skeleton,  fur  the  superficial 
layers  are  hero  also  merely  connected  with  connective  ti.ssne,and  the 
septa  that  form  the  loetamerea  are  to  be  found  over  the  whole  of  the 
dorsal  aud  caudal  regions  of  the  body,  Ou  the  head,  however,  and 
on  the  visceral  skeleton,  we  may  see  that  some  of  the  niuscles 
are  connected  with  the  skeletal  parts  and  differentiated  in  a  special 
mauner. 

When  the  skeleton  is  formed  it  is  uoeeBsarily  connected  witli 
the  musculature,  since  the  skeletal  parts  grow  dowai  between  the 
masses  of  muscles,  following  the  septa  of  connective  tissue.  The 
primitive  similarity,  therefore,  between  the  parts  of  the  mus- 
cular system  disappears,  and  a  differentiation  commences;  this  is 
implied,  on  the  one  hand,  by  the  formation  of  a  muscular  system 
connected  with  the  skeleton,  and  on  the  other  by  the  special 
development  of  the  remainder  of  the  muscular  system,  which  is 
not  so  connected,  into  a  dermal  musculature. 

The  whole  of  the  muscular  system  requires,  however,  to  be 
systematically  investigated  before  w^e  can  know  as  much  about  it  as 
we  do  about  the  skeletou.  Wo  mnst,  therefore,  confine  ourselves  in 
this  description  to  a  mere  sketch,  many  details  in  which  must  be  put 
in  with  i^reat  diffidence. 


Dermal  Muscles. 


§  37L 


As  we  regard  the  dermal  muscles  as  primitively  forming  a 
common  complex  with  those  w^hich  belong  to  the  skeleton,  wo  must 
distinguish  fruni  it  those  which  belong  to  tho  integimient  as  snch. 

Among  the  Cyclostoniata  sumo  of  the  muscles  of  the  trunk  have 
no  connection  with  the  parts  of  the  skeleton,  and  appear,  therefore, 
to  be  essentially  dermal  muscles ;  even  in  the  lower  Gruathostomata, 
the  greater  portion  of  the  large  lateral  masses  of  muscles  on  the  trnnk 
are  only  connected  to  the  skeleton  by  the  tendinous  intermediate 
bands,  which  pass  off  from  it;  it  has  not,  therefore,  yet  become 
a  part  of  the  skeletal  musculature,  in  the  sense  that  it  forms  bundles 
of  muscles  which  are  attached  to  the  skeleton  by  their  two  ends  of 
origin  and  insertion.  This  more  indifferent  condition  enables  ns 
to  nudei-stand  how  it  is  that  there  arc  no  distinct  dermal  muscles. 
At  the  same  time  there  are  distinct  layers  of  dermal  muscles  in  the 
outer  wall,  at  least,  of  the  respimtory  cavity  in  the  >Selachii,  where 
they  form  part  of  a  common  constrictor. 

In  many  other  parts  also  of  the  body  there  are  subcutaneous 
muscles,  which  are  not  connected  with  the  large  lateral  muscles;  the 
layer  which  runs  along  the  lateral  line  in  the  Teleostei,  and  which  is 
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distinguished  by  its  deeper  colour,  may  be  regarded  as  belonging  to 
tliis  system.  In  the  Amphibia  there  are  dermal  muscles  in  the 
head,  which  act  on  the  nasal  orifices,  and,  in  the  Anura,  in  the 
anal  region  also.  The  muscles  lying  on  the  external  nares  are  bettor 
developed  in  the  Reptilia.  The  dermal  muscles  are  of  great  func- 
tional importance  in  the  Ophidii,  as  they  produce  a  movement  of  the 
scales,  which  is  of  use  in  locomotion. 

In  Birds  there  are  large  flattened  dermal  muscles  in  various 
parts  of  the  body ;  as  in  the  Beptilia  (Chelonii)  there  is  a  continuous 
layer  of  muscles  in  the  neck;  other  dermal  muscles  take  their  origin 
from  the  skeleton,  such,  for  example,  as  the  musculi  patagii,  which 
pass  into,  and  extend  the  membrane  of  the  wing.  The  muscles 
which  serve  to  move  the  remiges  and  rectrices  also  belong  to  this 
category. 

The  dermal  musculature  is  more  highly  developed  in  the  Mam- 
malia. There  is  generally  a  large  muscle  below  the  integument  of 
the  trunk,  which  covers  the  dorsal  region  of  the  body,  and  is  con- 
tinued on  to  the  head  and  neck ;  this  is  inserted  by  tendinous 
pieces  into  different  portions  of  the  integument,  while  anteriorly  it 
is  also  inserted  into  the  humerus.  It  is  best  developed  in  Echidna, 
Dasypus,  and  in  Brinaceus,  where  it  forms  the  muscle  by  which  the 
body  rolls  itself  up.  In  most  of  the  Apes  the  large  dermal  muscle 
is  distributed  over  the  same  parts  as  in  other  Mammals,  but  it  is 
more  distinct  in  its  anterior  portion.  In  the  Orang  and  Chimpanzee 
this  latter  is  represented  by  a  muscular  plate,  which  occupies  the 
sides  of  the  neck,  and  is  continued  on  to  the  face ;  in  Man  it  is 
reduced  to  the  platysma  myoides. 


Musculature  of  the  Skeleton. 
§  372, 

The  differentiation  of  the  muscles,  which  is  due  to  the  connec- 
tion between  the  muscular  system  and  the  skeleton,  is  very  inti- 
mately connected  with  that  of  the  skeleton,  inasmuch  as  both  parts 
have  always  reciprocal  relations,  owing  to  their  being  both  formed 
for  the  same  function.  When,  therefore,  any  portion  of  the  skeleton 
is  increased  in  size,  the  muscles  that  go  to  it  are  also  increased,  and, 
when  another  part  undergoes  atrophy,  its  muscles  are  correspond- 
ingly diminished.  So,  also,  the  greater  functional  independence  of 
the  muscles  is  bound  up  with  a  greater  differentiation. 

This  differentiation  gives  rise  to  a  number  of  systems  of  muscles, 
each  of  which  can  be  again  divided  into  subordinate  complexes  of 
more  or  less  distinct  muscles.  The  muscles  of  the  trunk,  of  the 
cephalic  skeleton,  and  of  the  appendages,  may  be  distin- 
guished as  systems  of  this  kind. 

The  above-mentioned  primitive  musculature  gives  rise  to  the 
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muscles  of  the  trunks  or  lateral  trunk-muscles.  They  consist 
of  two  masses  of  muscle  wliicli  occupy  the  sides  of  the  body,  and 
extend  from  tlio  head  to  the  caudal  end  (m.  latendes) ;  they  arc 
separated  from  one  another  along  the  middle  line  of  the  doi'sal  and 
of  the  ventral  sorface.  In  the  Myxinoideaj  among  the  Cyclo- 
stomata,  the  ventral  portion  of  these  masses  of  muscle  is  distin- 
gnished  by  the  oblique  com-se  of  its  fibres.  It  is  doubtful  whether 
this  represents  a  new  system  or  no.  Each  half  is  divided  into  a 
dorsal  and  a  ventral  portiouj  which  are  separated  from  one  another 
along  a  horizontal  plane  drawn  through  the  vertebral  column  ;  so 
thai,  altogether,  there  are  four  lateral  muscles. 

Each  of  the  four  lateral  t rank-muscles  is  divided,  in  Fishes,  into 
a  number  of  segments  by  tendinous  bauds  which  con^espond  in 
number  to  the  vertebrEO  (ligamenta  intermusculuria) ;  these  may  be 

easily  made  out  en  the  surface  tif 
the  body,  owing  to  their  free  edges 
forming  distinct  tendinous  bands. 
The  muscular  fibres  between  any 
two  intermuscular  ligaments  take 
a  parallel  course,  and  the  ligaments, 
therefore,  afford  insertion  as  well  as 
origin  to  one  muscular  segment. 
The  muscles,  therefore,  are  only  in- 
directly connect-ed  with  the  skeleton. 
The  tendinous  septa  fii'st  keep  to 
one  plane,  but  tiiey  then  curve, 
and  curve  in  such  a  way  that  in 
each  dorsal  muscle  wo  can  recog- 
nise a  lower  layer,  which  is  made 
up  of  cones,  one  within  the  other, 
and  with  their  apices  directed  for- 
wards {Fig.  276fA  a),  and  an  upper 
one  (b)  which  is  made  up  of  parts 
of  cones.  The  apices  of  these  in- 
complete cones  look  backwards.  In  the  ventral  muscles  the  rela- 
tions are  so  far  reversed  that  the  cones  (a^)  are  placed  above  the 
incomplete  cones  (5').  In  a  vertical  section  through  the  tail  of  a 
Fish  we  see,  therefore,  two  systems  of  concentric  rings  on  either 
side,  which  project  into  one  another  (these  are  the  sections  of  hollow 
cones) ;  while  above  the  upper  ones,  and  below  the  lower  ones,  there 
are  curved  lines  of  varying  length  (the  sections  of  the  incomplete 
cones). 

In  the  Perennibranchiata,  and  in  the  larval  stages  of  the  otlier 
Amphibia,  we  meet  with  essentially  similar  conditions  |  we  meet, 
that  is,  with  the  same  zigzag  linos  of  the  ligamenta  Intermuscnlaria, 
only  they  are  not  so  markedly  sinuous.  When  these  ligaments  toko 
a  more  direct  course  the  cones  are  not  formed.  In  the  adult  Sala- 
mandrina  the  ventral  portion  of  the  lateral  muscles  in  the  trunk 
undergoes  certain  changes,  and  it  is  in  the  tail  only  that  wo  can 


Fig.  276.  A  TraDSversG  section  tli rough 
the  c&ndal  muflcles  of  Scomber 
scomber,  a  Superior^  a*  Inferior 
lateral  muscles,  b  and  }/  Seotlon  of 
imperfect  upper  and  lower  inveBiicg 
cones*  d  Contrnm  of  the  vertebra. 
B  Zigzag  tinea  of  the  Buperficiftl  ends 
of  the  Lig.  iutermnsoularia  in  tiie  tail 
of  Scomber  (after  J.  MuUer). 
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observe  a  symmetrical  arrangement  o£  the  npper  and  lower  lialves ; 
the  persistent  dorsal  portion  iSj  however,  still  separated  by  intor- 
mnscnlar  ligaments  into  separate  pieces,  and  is  quite  fish-like  in 
character. 

§  373. 

In  the  Amniotaj  other  muscles  are  derived  from  the  ventral 
portion  of  the  lateral  musculature  of  the  trunk,  but  it  is  retained,  with 
modifications  J  in  the  tail  of  the  Rep  t  ilia  and  Mammalia,  whore  it 
undergoes  the  same  changes  as  the  dorsal  portion,  which  is  still 
continued  with  great  regularity  on  to  the  tail. 

In  the  Sanrii,  it  is  still  possible  to  make  out  a  separation  of  the 
dorsal  lateral  muscles  by  the  interranscnlar  ligaments,  but  in  all  the 
rest  of  the  Amniota  they  are  still  further  different iated^  and  give 
rise  to  a  series  of  separate  dorsal  muscles.  In  the  Mammalia  wo 
find  them  divided  into  a  superficial  and  a  deep  portion.  The  former 
consists  of  the  splenins,  which  is  limited  to  tho  cervical  region,  and 
is  partly  inserted  on  to  the  ekull,  and  partly  on  to  the  transverse 
processes  of  the  anterior  cervical  vertebrae.  The  sacrospinal ia  is  also 
one  of  the  superficial  muscles ;  it  is  broken  up  into  a  median  and  a 
lateral  portion  (iliocos talis  and  longissimus).  They  both  cQutain 
masses  of  muscle  which  have  their  origin  in  the  sacrum  and  ilium. 
As  tho  muscle  passes  up  to  the  skull^  accessory  masses  are  added  on 
to  it,  which  take  their  origin  partly  from  the  ribSj  and  partly  from  the 
transverse  processes.  The  insertions  of  the  iliocostalis  and  longis- 
simus extend  to  the  ribs^  and  those  of  tho  latter  muscle  to  tho 
transverse  processes  also.  The  deep  layer  is  formed  by  the 
transverso-spinalis,  which  is  formed  of  a  system  of  muscles  which 
arises  from  the  transverse  processes,  and  is  inserted  into  the  spinous 
processes;  it  is  more  or  less  broken  up  into  various  layers 
(semispinalis,  multifidus). 

Those  parts  of  these  muscles  which  reach  the  neck  are  often 
developed  in  size  in  proportion  to  the  freedom  of  movement 
possessed  by  this  region,  and  they  may  therefore  be  described  as 
special  muscles.  The  same  remark  applies  to  those  ends  of  these 
muscles,  which  become  developed  into  independent  muscles,  and 
extend  to  the  skull.  The  tracheloraastoid  is  the  cranial  portion  of 
the  longissimus,  and  the  biventer  and  complexus  of  the  semispinal  is. 
The  muBCuli  spinales  and  interspinales  belong  to  this  group.  The 
rectus  capitis  posticus  major  forms  the  most  anterior  spinalis  muscle  ; 
ami  the  rectus  capitis  posticus  minor  is  the  first  of  the  interspinales. 

The  small  muscles  which  move  the  vertical  fins  of  Pishes  must 
be  regarded  as  being  derived  from  the  primitive  lateral  muscles  of 
tlte  trunk, 

^  374. 

The  intercostal  muscles  must  be  regarded  as  a  group  derived 
from  the  lateral  trunk  muscles.     In  Fishes  these  muscles  are  not 
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differentiated,  iiiasmucli  aa  tlm  muscles  between  the  ribs,  or  their 
equivalents,  are  s^till  portions  of  the  lateral  muscles.  The  ribsthem- 
Felvcs  ho  m  the  intemius^cular  ligaments.  In  the  higher  divisi<»na 
f'f  the  Vertcbraia  a  more  distinct  differentiation  obtains.  These 
muscles  are  best  dcvcluped  in  the  Ophidii.  The  mascles  which  are 
found  between  the  rudimentary  ribs,  which  are  fused  with  the 
Tcrtebi'ie,  or  between  the  transverse  processes  (intertransversarii), 
alj^o  belong  to  this  gi*onp  of  intercostal  muscles.  So,  too,  do  the 
levatores  cost  arum,  and  the  muscles  w^hieh  lie  on  the  inner  surface 
(A  the  wall  of  the  thorax  {thoracici  interni),  and  the  scaleni.  The 
f^ize  of  all  these  muscles  varies  very  greatly  according  to  the  extent 
and  power  of  moveuient  of  the  ribs ;  special  retractors  may  be  added 
to  the  elevators  of  the  ribs,  as  in  the  Ophidii. 

The  broad  ventral  muscles  must  also,  in  all  probability,  1>e 
regarded  as  belonging  to  the  system  of  intercostal  muscles ;  these 
are  found  in  those  regions  of  the  ventral  wall  where  there  are  no 
ribs.  They  consist  of  the  obliqnus  extei^nns,  obliquus  internus, 
and  transvcrsus  abdominis.  The  obliquns  externus  corresponds  to 
the  intercost.  externus,  and  the  internus  to  the  intercost.  internus. 
The  tendinous  bands  found  in  many  Amphibia,  and  in  the  Saurii, 
must  be  regarded  as  remnants  of  the  primitive  intermuscular  liga- 
nients.  Tho  obliquus  externus  generally  takes  its  origin  from  a 
large  portion  of  the  thorax^  in  the  Eeptilia  it  is  divided  into  seyeral 
layers. 

In  the  Amphibia  the  tmnsvorsus  abdominis  is  a  large  muscle, 
as  it  is  also  in  all  Keptilia  except  the  Ophidii,  w^here  it  is  absent.  It 
extends  as  far  forward  as  the  thoracic  region.  In  Birds  it  extends 
as  far  as  the  hinder  edge  of  the  sternum,  but  in  Mammals  it  has  a 
wider  area. 

The  rectus  abdominis  appears  to  be  the  proportionately  least 
altered  portion  of  the  primitive  musculature  ;  its  fibres  retain  their 
primitive  course,  and  its  inscriptiones  tendincaj  are  remnants  of  its 
primitive  septa.  It  generally  extends  from  the  sternum  to  the 
pelvis  in  the  Amphibia,  but  when  the  sternum  is  shortened  it  is 
continuous  with  the  sterno-hyoid  (Amphibia). 

In  the  Crocodilini  the  transverse  tendinous  bands  are  ossified, 
and  form  the  so-called  "  abdominal  ribs/^  The  M*  pyramidal  is 
must  also  be  regarded  as  part  of  tlie  recti  abdominis  ;  it  is  found  in 
the  Salamandrina,  Crocodolini,  Eatita^,  and  also  in  many  Mammals. 
In  the  Monntremata  and  Marsupialia  it  is  largely  developed.  So 
much  so,  indeed,  that  it  nearly  reaches  to  thestci-num,  and  so  covers 
the  rectus ;  it  has  its  origin  in  one  edge  of  the  marsupial  bone. 


§  375. 

The  branchial  skeleton  of  Fishes  is  provided  with  a  special 
system  of  muscles,  which  is  repeated  between  each  of  its  segments. 
As  the  primary  pieces  of  tho  jaw  also  belong  to  this  skeleton,  their 
muscles  must  be  regarded  as  difTerentiations  of  the  muscular  system 
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of  the  branchial  skeleton.  Part  of  these  miiacles  have  their  origin 
on  the  skullj  others  helong  to  the  different  arches^  while  others  again 
are  arniBged  transversely,  and  act  so  as  to  approximate  the  arches  of 
either  side  to  one  another.  Muaclea  pass  off  from  the  branchial 
arches  to  the  branchiostegal  rays.  They  are  well  developed  in  the 
Selachii,  but  rndiinentary  in  Osseous  Fishes,  where  they  appear  to 
be  converted,  on  the  hyoid  arch,  into  the  lunscles  of  the  operculum, 
and  of  the  dermal  raja  of  the  gills.  The  Amphibia  are  provided 
with  a  similar  musculature  during  their  krval  stages ;  this  is  partly 
derived  from  the  muscles  of  Fishes,  and  is  retained  by  the  Pcrenjii- 
hranchiata  throughout  their  life.  When  the  branchial  framework 
disappeai-Sj  and  the  hyoid  becomes  more  independent,  part  of  the 
branchial  musculature  is  taken  up  by  it. 

As  to  the  muscles  of  the  jaw,  it  c^i-n  be  shown  that  an  adductor 
of  the  two  parts  of  the  mandibular  arch  in  the  Seiachii  undergoes  a 
certain  amount  of  differentiation  into  several  parts,  and  forma  the 
rudiment  of  the  muscles  of  mastication.  When  the  palato-quadrate, 
or  the  bones  differentiated  in  itj  are  fixed  to  the  cranium,  these 
mnscles  are  iu.serted  into  the  lower  jaw.  In  the  Amphibia  and 
Reptilia  an  inner  portion  of  this  mass  of  masticatory  muscles  is 
differentiated  as  the  pterygoid,  and  this  again  may  be  divided  into 
two  (Ft.  externus  and  internns)  (Saurii) ;  the  differentiation  of  the 
temporal  and  massoter  muscles  is  indica^ted  by  their  arrangement  in 
layers.  In  both  classes  the  depression  of  the  jaw  is  effected  by  a 
muscle,  which  forma  a  short  but  powerful  belly  on  the  hinder  edge 
of  the  lower  jaw.  It  eoiTesponds  to  the  posterior  belly  of  the 
digastric  of  Mammals.  The  Ophidii  are  distinguished  by  an  increase 
in  the  number  of  the  muscles  ;  in  addition  to  adductors  of  the 
lower  jaw,  special  muscles,  which  move  the  quadrate  and  the  various 
bones  of  the  palatine  arcade,  may  be  seen  to  be  largely  developed 
in  the  Eurystomata.  In  Birds  there  are  similar  muscles,  which 
elevate  the  pterygoids  and  the  quadrate,  and  produce  the  movement 
of  the  maxillary  apparatus.  The  temporalis  is  the  largest  of  the 
proper  mandibular  muscles,  and  the  adductor,  which  is  present  in 
the  lower  divisions,  where  the  two  halves  of  the  jaw  are  movable, 
is  replaced  by  a  muscle  which  extends  transversely  between  the  two 
halves  of  the  jaw,  and  has  a  different  function. 

The  masticatory  muscles  of  the  Mammaha  are  similar  in  number, 
origin,  and  insertion  to  the  same  muscles  in  Man  ;  as  a  rule  they 
are  larger,  but  otherwise  they  do  not  differ  in  any  points  except 
those  which  are  due  to  the  form  of  the  surfaces  of  origin  and 
insertion  provided  by  the  proper  bones. 


§  376, 

Of  the  paired  appendages,  the  fins  of  Fishes  possess  a  number 
of  mnscloa  on  the  girdle,  as  well  as  on  the  free  portion,  but  it  has 
not  been  possible  to  compare  these  muscles  with  those  of  other 
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Vertebrates.     Tlioy  are  divided  into  those  which  pass  to  the  girdle, 
and  those  which  belong  to  the  appendage  itself. 

When  the  appendages  are  metamerphosed,  the  musciilatare 
undergoes  changes  akoj  the  muscles  are,  indeed,  simplified  in 
nnmber,  but  are  entrusted  with  more  functions,  in  consequence  of 
the  greater  freedom  and  independence  of  the  skeletal  parts. 

As  compared  with  the  FiBhos  the  most  important  change  is  the 
extension  of  the  musculature  of  the  shoulder-girdle  and 
of  the  anterior  extremity  over  the  dorsal  and  ventral 
Jlnrfaco  of  the  body;  this  obtains  in  all  the  higher  Vertebrata. 
The  muscles  developed  from  the  superior  lateral  trunk-muscles  are 
covered  over  by  muscles  which  go  to  the  limbs,  and  which  are  sub- 
stituted in  Fishes  by  a  mass  of  muscle  which  arises  from  the  head. 
These  are  shghtly  differentiated  in  the  Perennibranchiata,  and  more 
80  in  the  Caducibranchiata ;  they  form  those  muscles,  which  repre- 
Rent  the  cucullaris  and  the  sterno-cloidomastoid  in  the  higher 
divisions*  They  are  supplied  with  nerves  from  the  head.  Other 
muscles,  which  are  probably  derived  from  the  muscles  of  the  trunk, 
and  which  pass  to  the  appendages,  partly  from  the  back,  and  partly 
fi-om  the  thoraic,  are  added  on  to  them. 

The  other  muscles,  which  belong  to  the  limbs  themselves,  are 
derived  from  the  layers,  which  in  Fishes  are  more  similar  to  one 
another,  and  which  cover  the  dorsal  and  ventral  faces  of  the  skeleton 
of  the  thoracic  fin.  The  musculature  undergoes  great  changes 
owing  to  the  reduction  of  this  fin,  and  to  the  modifications  under- 
gone by  the  parts  that  are  persistent;  the  changes,  therefore,  in 
the  anatomical  characters  of  the  musculature  in  the  various  divi- 
sions run  parallel  to  tho  functional  changes  in  the  value  of  the 
appendages. 

In  the  hinder  limbs  the  relations  of  the  pelvic  girdle  to  the  axial 
Bkeleton  are,  at  first,  the  factors  which  affect  the  characters  of  the 
musculature.  The  absence  of  any  connection  between  those  skeletal 
parts  is  the  cause  of  the  greater  independence  of  the  pelvic  girdle 
in  Fishes ;  so  far  as  this  affects  the  musculature  it  is  made  up  for  by 
its  more  indifferent  character.  The  more  intimate  connection  be- 
tween tho  pelvic  girdle  and  the  axial  skeleton  in  the  Amniota 
diminishes  its  powers  of  movement,  and,  consequently,  the  dovelop- 
mont  of  the  muscles  by  which  this  is  effected.  The  muscles  which 
belong  to  the  limb  itself  have  their  origin  in  the  pelvic  girdle,  or  in 
tho  skeleton  of  tho  limb ;  they  seem,  on  the  whole,  to  be  divided 
into  the  same  groups  as  those  of  the  fore-limb,  with  the  exception 
of  such  modifications  as  are  due  to  the  difference  in  the  function  of 
tlio  two  limbs, 

§  377. 

The  subvortebral  muscles  form  a  special  group.  They  lie 
below  the  vertebrffi  and  their  lateral  processes,  so  that  in  the  thoracic 
region  they  He  within  the  thomx. 

Tho  musculus  longus  forms  an  anterior  portion  of  tho  muscles 
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bolow  the  veiiebral  column;  this  is  first  seen  in  Reptiles;  it 
generally  comraences  within  the  thoracic  cavity,  and  extends  along 
the  neck  np  to  the  aknlh  It  breaka  up  into  several  portions^  which 
are  distinguished  as  longus  collij  or  longus  capitis,  according  to  the 
point  of  insertion. 

Another  subvertebral  system  of  mnsclea  appears  to  lead  to  the 
fonnation  of  the  Diaphragm.  This  arrangement  does  not  obtain 
in  Fishes  J  and  it  is  doubtful  whether  the  separate  bands  of  muscle, 
which  embrace  the  oesophagus  in  the  Amphibia,  can  bo  looked  upon 
as  forming  a  rudimentary  diaphmgm.  Among  the  Reptilian  the 
Chclonii  have  a  muscular  layer  over  the  lamella  of  the  peritoneum, 
which  encloses  the  lungs;  this  takes  its  origin  partly  from  the 
centra  of  the  vertobrsc,  and  partly  from  tho  rib-like  transverse 
processes.  In  the  Crocodilini  there  is  no  diaphragmatic  muscle,  for 
it  is  not  possible  to  regard  the  highly- developed  peritoneal  muscu- 
lature as  being  a  formation  of  this  kind,  as  it  has  its  origin  in  the 
anterior  wall  of  the  pelvis.  There  arc  indications  of  a  muscular 
investment  of  the  lungs  in  Birds ;  it  is  best  developed  in  Apteryx, 

It  is  in  the  Mammalia  only  that  there  is  a  well -developed 
diaphragm  forming  a  partition  between  the  thoracic  and  abdominal 
cavities.  The  obhque  direction,  taken  by  the  muscle  in  the  Reptilia 
and  Avesj  is  necessarily  converted  into  a  transverse  one.  The 
muscular  portions  arise  in  part  from  the  vertebral  columUj  and  in 
part  from  the  ribs ;  they  pass  into  a  centrum  tendineum,  which  is 
occasionally  absent  {Delphinus), 
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FiBohe.    Jen.  Zeitsohr.  Yin. 


Electric  Organs. 

§  378, 

The  so-called  electric  organs  are  special  apparatuses  which  are 
found  in  a  very  few  Pishes;  they  are  of  importance^  from  an 
anatomical  point  of  view,  in  consequence  of  the  large  masses  of 
nerves  which  end  in  them,  and  from  a  physiological  point  of  view,  in 
consequence  of  the  development  of  electricity  in  them.  The  endings 
of  the  nerves  have  very  much  the  same  relations  as  have  the  ends 
of  motor  nerves  in  muscular  fibres,  while  there  are  many  points  in 
the  development  of  these  organs  which  point  to  their  having  had 
their  origin  in  metamorphosed  muscles.  There  is  snflBcient  reason, 
therefore,  for  regarding  these  organs  as  belonging  to  the  muscular 
system,  although  wo  do  not  yet  know  anything  of  their  earlier 
stage,  in  which  they  probably  appeared  as  muscles, 
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The  Fishes  which  are  proTided  with  these  organs  belong  to 
the  genera  Torpedo  and  Narcine  among  Rays,  Gymnotua  among 
Eols,  and  Malapternrtis  among  the  Siluroids;  Mormyrua  also  has 
similar  organs.     There  ia  a  pseado-electric  apparatus  in  Raja, 

Althoogh  these 
organs  differ  greatly 
from  one  another  in 
position,  and  in  their 
broader  anatomical 
details,  in  the  dif- 
ferent genera,  they  all 
agree  in  being  com- 
posed of  "alveoli^'  of 
various  forms,  which 
are  bounded  by  con- 
nective tissue,  and 
filled  with  a  jelly-like 
substance.  The  nerves 
pass  to  one  surface  of 
these  alveoli,  where 
they  form  fine  net- 
works, and  give  rise, 
finally,  to  an  "  electric 
plate/*  which  repre- 
sents the  ends  of 
these  nerves. 

The  relation  of 
this  plate  to  the 
whole  apparatus,  and 
its  relations  to  the 
nerves,  are  described 
in  the  following  ac- 
count of  what  is  seen 
in  the  Torpedo. 
The  electric  organ 
(oe)  is  placed  between 
the  head,  the  bran- 
chial sacs  (Fig,  277, 
?;/■},  and  the  pro  to - 
pterygium  of  the  tho- 
racic fin ;  it  is  as  deep 
as  the  whc»le  botly, 
and  is  invested  by  a 


Fig.  277.  A  Torpedo,  with  tho  electric  organs  dis- 
aoctod  oat.  On  the  rigbt  ths  fiurfjice  only  of  the 
orgflQ  (oe)  ia  ahowii.  On  tlio  loft  Bid©  the  Dcn'e-trunkft 
paBsiii|r^<>tli(?  organ  art*  dissected  out»  nod  jmrt  ib  followed 
some  way  ioto  the  organ.  The  cavity  of  tho  eknll  is 
laid  open,  anil  the  bmin  displayed ,  I  Fore-bmin, 
11  'Tvveori-bmin.  Ill  Mid-brain.  IV  Eleetric  lube, 
V  Vagtia.  tr  Trigeminal.  !/  Its  electric  branch, 
o  Eyes.  /  Hplmcular  cleft,  t  Mucona  tuboa  of  the 
skin,  hr  Branchiae  1  on  tho  right  they  are  eovere^i 
over  by  ft  common  layer  of  mu&cles,  on  tho  left  tho 
eepai'nte  brancbial  sacs  arc  shown. 


tendinous  menibi-anc, 
which  is  covered  by  the  integument  above  and  below.  Each  organ 
is  made  up  of  a  number  of  parallel  prisniSj  which  again  consist  of  a 
series  of  elements  set  in  rows  one  on  the  other ;  theBO  are 
the  above-mentioned  alveob.  They  are  closely  united  with  one 
another  by  connective  tissue ;  they  all  receive  inferiorly  the  nerves 
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wiich  pass  into  the  prisms^  and  tho  free  surface  of  the  olectrio 
plates  are  directed  dorsallj.  Five  large  uorve-truuks  pass  to  the 
organ ;  these  rami  electrici  belong  to  different  cranial  nerves,  but 
principally  to  the  vagus;  they  are  distributed  between  the  prisms. 

In  the  other  Electric  Fishes  these  organs  agree  with  what  han 
been  described,  so  far  as  their  more  minute  characters  are  concerned, 
but  tliey  differ  in  position,  and  in  the  characters  of  the  alveoli.  In  the 
Electric  Eel,  for  example,  the  organs  lie  in  the  caudal  region  of  the 
body,  just  below  the  external  integument.  In  Malapterurus  the 
organ  extends  over  the  whole  surface  of  the  body,  just  below  the 
integument  J  and  in  the  Mormyri  again  it  is  found  in  the  tail,  Tliero 
are  corresponding  differences  with  regard  to  the  nerves,  no  that 
we  may  conclude  that  these  organs  are  mor|>hologieally  different, 
notwithstanding  their  histological  and  physiological  similarity, 

ScucTpTze,  M.,  Zur  KcnntnisB  d,©lektr,Org.d.Fische.  Abh.  d.Natarforsch.  Gcaelliich. 
Hallci  1358, 
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Nervous  System. 

§379* 

The  central  organs  of  the  nervous  system  are  placed  above 
the  axis  of  the  spinal  chord,  in  the  canal  formed  by  the  superior 
system  of  arches  of  the  axial  skeleton.  They  consist  of  symmetrically - 
arranged  nervous  masses,  which  are  similar  in  character  throughout, 
in  the  Acrania  only;  in  the  Craniota  they  are  differentiated  into 
two  large  portions,  the  brain,  and  the  spinal  chord*  Although 
the  latter  has  without  doubt  a  great  similarity  to  the  gangHonic 
chain  of  segmented  Invortebrata,  it  is  quite  impossible  to  derive  the 
spinal  chord  from  it ;  the  central  nervous  system  of  the  Verte- 
brata  is  rather  to  be  regarded  as  representing  the  superior^ 
or  cerebral,  ganglia  of  the  Invertobrata  in  an  extremely 
highstateofdevolopment.  The  earliest  rudiment  is  derived  from 
a  differentiation  of  the  ectoderm.  The  '*  medullary  plate,"  which  is 
formed  in  this wayin  the  Invertobrata,  does  not  extend  along  thewhole 

of  the  rudimentary  body,  or  if  it 
does  so  at  first,  it  does  not  keep 
pace  with  the  growth  of  th  e  body 
(Ascidia?) ;  in  the  Vertebrate 
embryo,  however,  it  is  of  very 
nearly  the  same  length  as  the 
body,  so  that  the  central  nerv- 
ous system  extends  throughout 
the  whole  length  of  the  body. 
The  medullary  plate  forms 
a  groove  by  the  uprising  of 
its  edges  {ivj,  which  are  continued  into  the  neighbouring  ectoderm 
(epiblast)  (Fig.  278,  h)  i  this  is  gradually  converted  into  a  closed 


Fig«  1S7S.  Diagmtmniitic  soctiou  throngh 
the  embryo  of  the  Fowl  (end  of  tbo  firat 
flay),  c^  Notochord.  «  Primitive  vertebra?. 
n^  Lateral  platcfl.  m  Medullary  groove, 
m  and  h  Epiblast^  d  Hypoblast  (after 
Remak)* 
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tube.    This  gradoallj  sihIes  mwBy  from  tKe  8ttr&oo  of  the  body, 

owing  to  the  growth  over  it  of  the  epiblast,  and  of  parts  differen- 
tiated from  the  mesoderm.  The  medullary  tube,  which  is  formed 
in  this  wayi  remains  as  a  simple  chord  in  AjaphioxuSj  the  most  an- 
terior region  of  which  cootaiiis  an  en- 
largement of  its  central  canaK  But  in 
the  Craniota,  diverticula  appear  in  the 
most  anterior  portion  before  it  is  com.- 
pletely  closed  (Fig,  279,  a) ;  these  form 
the  rudiments  of  the  brain,  while  the  re- 
mainder of  the  medullary  tube  is  equally 
differentiated  throughout,  and  forms  the 
rudiment  of  the  spinal  chord. 

In  addition  to  their  position,  which 
is  always  an  important  point  in  csom- 
parison,  the  rudiments  of  the  nervous 
centre  of  the  Yertebrata  have,  in  common 
with  those  of  various  Invertebrata,  certain 
relations  to  the  higher  sensory  organs 
(and  especially  to  the  optic  organ)  \  and 
in  this  respect  the  Tunicata  are  thoso 
which  exhibit  the  closest  affinities.  In 
them,  as  in  the  Vertebrata,  the  whole  of 
the  medullary  tube  is  not  closed  in  the 
same  way;  in  the  cerebral  region,  it  is 
in  connection  with  the  exterior  for  a  long 
time.  In  comparing  the  nervous  system 
of  Vertebrates  with  tbat  of  the  Tunicata 
the  chord,  which  is  continued  along  tho 
dorsal  region,  and  on  to  the  taO  in  the 
larvBB  of  the  Aacidite,  and  in  the  Appen* 
dicolariii  (6  305),  is  of  importance  \  this, 
which  ig  distinguished  by  its  ganglia, 
appears  to  indicate  the  path  by  which  the  hinder  portion  of  tho 
centml  nei*vou8  system  of  the  Vertebrata  was  phylogenetically 
developed,  and  gradually  converted  into  the  spinal  chord.  As  there 
is  such  a  gi*eat  difference  between  the  true  central  organs  and  this 
chord,  that  it  is  impossible  to  regard  the  chord  as  a  true  continuation 
of  the  central  organ,  or  even  as  a  portion  of  it,  which  merely 
differs  in  consequence  of  its  position,  it  must  bo  supposed  that  the 
brain,  or  the  moat  anterior  portion  of  the  medullary  chord  in 
Amphioxus,  represents  tho  more  primitive  portion  of  the  nerve- 
centre;  while  it  is  also  the  first  to  appear  in  the  embryo.  Tlio 
similanty  between  the  rudimentary  spinal  chord  and  brain  would 
then  bo  merely  a  condition,  which  had  been  acquired  by  the  Verte- 
brata, and  which  had  its  startiug-point,  phylogenetically,  from 
II  chord  which  was  continued  on  fi*om  tho  primary  nerve-centre, 
Buch  as  wo  now  meet  with  in  the  Tunicata,  According  to  this 
view  tho  whole  medullary  tube  is   not  derived,  phylogonetically. 


Kg,  279.  Embrjo  of  the  Dog 
ieen  from  behind,  with  the  rudl- 
meots  of  the  central  nervonB 
tyitem,  of  which  the  medulhiry 
plate  (b)  forma  a  grooTO  open 
vaperiorljr.  a  Tho  mdi meats 
of  the  three  primitive  cerebral 
veaiclefl.  a!  Sinus  rhomboidAlis 
in  tho  lambar  region,  t  Lateral 
pbtoB,  which  lioiind  the  rudl. 
inentuj  bodj.  d  Epiblast  and 
mesoblast.  /  Hypobhiet  (after 
Bischuff), 
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from  a  mcro  elongation  of  a  shorter  nerve-centre,  but  from  tho 
gradual  development  of  a  nerve-chordj  which  primitively  formed  a 
periphcml  apparatus  only.  The  diffei*ences  in  the  characters  of  tho 
brain  (exclusive  of  the  medulla  oblongata)  and  of  the  Bpinal  choixl, 
ao  far  as  regards  tho  arrangement  of  the  white  and  gray  substance, 
serve  to  conhrm  thiy  vieWj  which  is  also  supported  by  other  facts, 

A.    Central  Orgtuis  of  the  Nervous  System. 

a)  Brain, 

§  380. 

lliree  successive  portions  are  developed  from  tho  rudiments  of 
the  brain  (Fig.  280  a),  the  cavities  in  which  conimunicato  with  one 
another.     The  last  of  theae  passes  freely  into 
the  medullary  tube  behind  it.     These  primi-  ^ 

tive  cerebral  vesicles  give  rise  to  new  seg- 
ments, so  that  we  can  soon  distinguish  five. 
The  first  is  known  as  the  Fore- brain  or 
Prosencephalon  (Fig.  280^  a);  the  next  as 
the  Twixt-brain  or  Thalamencephalon  (b); 
tho  Mid-brain  or  Mesencephalon  (B  C  c) 
forms  a  third  swelling  j  and  this  is  succeeded 
by  the  Hind-brain  or  Metencephalon  (d), 
and  the  After-brain  or  Myelencephalon  (t^, 
which  is  directly  continuous  with  the  spinal 
chord,  and  with  the  metencephalon.  The 
metencephalon  forms  the  most  anterior  por- 
tion of  the  roof  of  the  myelencephalon,  and  is 
not  therefore  as  distinct  as  the  rest  of  the 
cerebral  vesicles.  At  first,  the  vesiclefl  are 
placed  one  behind  the  other,  and  lie  in  the  line 
of  the  longitudinal  axis  of  the  spinal  chord, 
but  they  soon  come  to  bo  set  at  an  angle  to 
one  another.  This  is  duo  to  the  unequal 
growth  of  the  upper  and  lower  portions,  for 
the  upper  ones  increase  greatly  in  size.  Those 
parts  which  are  least  developed  become  covered 
over  by  the  growth  of  some  of  the  upper  part«. 
Between  the  prosencephalon  and  thalamen- 
cephalon the  wall  is  thinned  out,  and  a  fissure- 
like portion  developed  (primitive  cerebral 
cleft,  Fig.  280,  /<),  into  the  interior  of  which  a 

process  from  the  envelopes  of  the  brain  is  continued.  This  is  not  a 
true  lacuna,  but  is  merely  due  to  the  gradual  thinniug-uut  of  the 
wall  of  this  portion.  The  epiphysis  (pineal  gland)  is  developed 
from  a  part  of  tliis  roof. 

The  lower  portion  of  tho  tlialamencephalon  forms  the  floor  of  the 


Fig.  280.  VerticnJ  aud 
median  HectioDH  tbruiT^h 
a  Vertebrate  bmin.  J  Uf 
ft  young  S  e  1  a  c  !i  i  a  n 
(Heptane boa).  B  Of  tlio 
cmbiTO  of  an  A  d  d  o  r* 
C  Of  tbo  embijo  of  a 
G  oa  t.  a  Prose ncppbaba. 
h  Tbalamenccpbaloji.  c 
Meeencephalon  {in Ait  is 
market!  by  d).  d  Meteu- 
cepbaloD.  e  Mjelencc- 
pbaloD.  s  PrimitiTc  cere- 
bral cleft,  /t  Hypophysis. 
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icond  cerebral  vesicle^  and  gives  rise  to  a  diverticulum^  wliich  is 
found  in  all  C  ran  iota,  and  is  known  as  the  infundibulum.  From  the 
lower  Hide  o£  tlio  bead  a  depression  of  tlie  ectoderm  grows  towards 
tbis  diverticulum ;  later  on,  the  ingrowth  becoming  pinched  off,  forms 
a  portion  of  the  cerebral  appendix  attached  to  the  iufundibulum 
(byjiophysis).  The  range  of  the  position  of  the  depression  for  tlie 
hypophysis  as  far  forward  aa  the  entrance  into  the  cavity  of  tho 
mouth  enables  us  to  recognise  in  this  structure  an  organ,  wliich 
primitively  did  not  belong  to  the  nervous  system  at  allj  and  the 
function  of  which  is  still  a  matter  for  speculation* 

Just  as  the  upper  wall  between  the  fore-  and  twixt-bmins  gets 
thinned  out^  so  too  the  roof  of  the  rayeleucephalon  is  thinned  out,  in 
such  a  way  that  no  roof  remains  but  such  as  is  formed  by  the  outer- 
most vascular  layer  of  the  nerve-centre,  the  pia  mater.  The  largo 
cavity  which  ia  thus  roofed  over  forma  the  fourth  ventricle. 

The  ventricles,  or  cavities  in  the  portions 
derived  from  the  primary  cerebral  vesicles,  are 
connected  with  one  another  in  just  the  same 
way  as  the  cavities  of  the  cerebral  vesicles. 

Tlie  brain  of  the  Cyclostomata  is  tho 
simplest  in  form ;  among  them  the  lowest 
grade  is  occupied  by  the  Myxinoidea,  where 
the  various  segments  have  very  nearly  tho 
same  characters. 

A  portion,  which  is  developed  from  the 
fore-brain,  and  which  gives  off  the  olfactory 
nerves  (bulbus  or  lobus  olfactorius),  generally 
forms  large  lobes,  which,  in  the  Selachii,  are 
connected  with  the  brain  by  a  more  or  less 
long  tractus  olfactorius  (Fig.  281,  A).  The 
ventricle  of  the  prosencisphalon  is  continued 
into  them.  They  may  also  be  fused  with  tho 
prosencephalon,  which  is  larger  than  the  other 
divisions,  in  the  Selachii  {^/),  and  gives  indica- 
tions of  a  separation  into  two,  four,  or  more 
paired  pieces.  It  is  large  also  in  the  Ganoidei  (Fig.  282,  y),  while  in 
many  Teleostei  it  is  greatly  reduced  in  size,  as  compared  with  the 
other  regions  of  tho  brain. 

In  the  Selachii  the  thalamenccphalon  is  distinctly  separated  from 
the  mesencephalon  {Fig,  281,  rl),  but  in  many  Teleostei  it  is  intimately 
connected  with  it*  Tho  anterior  portion  of  its  roof  contains  thu 
above-mentioned  cleft,  and  this  portion  is  not  unfroquontly  de- 
veloped into  an  elongated  tract,  which  forms  a  longitudinal  com- 
missure between  it,  and  the  prosencephalon  (many  Sharks  and 
Ganoids).  The  remainder  of  the  primitive  roof,  which  contains  tho 
hinder  portion  of  tho  cleft,  is  sometimes  very  large,  and  divided 
into  two  hemispheres;  this  is  the  case  in  the  Selachii  and  many 
Teleostei.  The  floor  of  this  BCgmont,  which  surrounds  tho  infun- 
dibulum,  and  forms  the  lobi  inferiores  at  tho  base  of  the  brain,  is 


Fig.  281.  Brain  of  a 
■Shark  (ScyUium  catn- 
lnfl).  h  Olfactory  lobes. 
g  Prosenoophalon.  d 
Thalam^  and  iiiGa*ciDco- 
phaloo*  h  Metencepha- 
lou.  a  Myelencephnlon. 
0  Nasal  capeniles  (afttir 
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Bimplo  in  tlio  Cyclosiomata,  and  in  the  Selachii  presents  indications 
merely  of  its  divisions.  It  is  not  developed  to  any  great  wizo 
except  in  the  Teleostei.  The  succeeding  mesencephalon  is  small  in 
the  Myxinoids,  but  larger  in  Petromyzon.  In  the  Selachii  it  ap- 
pears to  bo  nnited  to  the  thalamencephalon,  while  the  portion  which 
corresponds  to  it, in  position  at  any  rate^  is  regarded  as  the  cerebellum. 
This  portion  is  very  gi'eatly  developed,  so  much  so,  indeed,  that  it 
covers  over  those  parts  of  the  brain  that  ho  in  front  of  and  behind 
it  (Fig.  281,  ?>),  In  the  Teleostei  this  part  of  the  brain  is  pro- 
portionately more  developed,  and  sometimes  has  the  form  of  a 
protuberance  directed  forwards  or  upwards.  The  rest  of  the  brain, 
which  hes  behind  the  mesencephalon,  must  be  regarded  as  one  piece. 
It  is  of  great  importance  as  being  the  region  from  which 
most  of  the  cerebral 
nerves  take  their  origin. 
Its  roof  ig  unequally  de- 
veloped. That  13  to  say,  in 
the  hinder,  and  larger,  por- 
tion, it  is  soon  atrophied,  so 
that  the  internal  cavity 
(sinus  rhomboid al is),  which  is 
widened  out  anteriorly,  is 
only  covered  over  by  mera- 
brane.  In  the  Selachii  and 
Chiraterm  the  edge  of  this 
sinus  is  thickened  anteriorly 
(lobi  nervi  trigemini).  It  is 
simpler  in  the  Ganoidei  and 
Teleostei,  But  in  all  Fishes  it 
is  con  tinned  mesially  into  a 
transverse  lamella  (Fig,  282, 
b  c),  which  covers  in  the  sinus 
anteriorly,  and  has  the  mesen- 
cephalon projecting  over  it, 
when  this  portion  is  very 
large.  This  transverse  la- 
mella appears  to  correspond  to  the  cerebellum  of  the  higher  Verte- 
brata,  while  the  base  and  sides  of  the  sinus  are  formed  by  the  myel- 
encephalon  (medulla  oblongata).  As  wo  pass  from  the  Selachii 
to  the  Teleostei  we  note  that  the  medulla  oblongata  diminishes  in 
size;  in  many  Sharks  it  forma  the  largest  portion  of  the  brain. 
And  this  corresponds  to  a  primitive  stage,  in  which  it  and  the 
mesencephalon  form  the  largest  part  of  the  whole  brain. 

When  it  is  still  more  developed,  swelhngs  may  be  observed 
on  the  sides  of  the  fourth  ventricle ;  these  are  set  in  series,  and 
correspond  to  the  points  of  origin  of  the  roots  of  the  vagus 
{lobi  nervi  vagi).  The  lobi  electrici  of  the  Torpedinos  are  dif- 
ferentiations of  this  kind,  which,  however,  unite  above  the  narrowed 
ventricle  {cf.  Fig.  277,  /r). 


Fig.  2B2.  Brain  of  Polypterua  bichir, 
A  From  above,  Ji  From  tijo  side.  C  From 
bolov^.  h  Lobi  olfactorii.  r;  Prosoiiiieplmlun, 
/  Tlialameocephaloti.  d  MeaencephaJoii.  he 
Metenctfphalon.  a  Myeloncopbalon  (modulla 
oblongata),  ol  N.  olfftctoriDS,  o  K.  opticus 
(after!.  Mulkr). 
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§  381. 

The  brain  o£  tlio  Ampliibia  resembles  tbat  of  tlio  Fishos  iu  many 
points.  The  prosencephalon  (Fig.  283^  b)  is  divided  into  two  homi- 
Hpheres,  and  shows  signs  of  being  enlarged  backwards.  The  cavity 
within  it  h  divided  into  two  lateral  ventricles,  one  for  each  half,  and 
the.se  are  continued  forwards  into  the  olfactory  lobos  (nt).  At  first, 
these  lobea  are  placed  at  the  side  of  the  prosencephalon  {1*},  and 

are  directly  attached  to  it,  but  they  nxay 
become  closely  fused  with  the  prosence- 
phalon, and  with  one  another,  The  olfactory 
nerve  arises  on  their  lower  surface,  some  way 
back,  and  near  the  prosencephalon.  The 
thalameocophalon  is  differentiated  during 
the  larval  stage  from  a  portion  which  is 
common  to  it  and  the  mesencephalon.  In 
front  of  it  is  the  primitive  cerebral  cleft, 
which  is  more  or  less  continued  into  tho 
thalamencephalonj  and  carries  the  epiphysis 
cerebri.  The  cleft  extends  anteriorly  into 
the  lateral  ventricles,  which  are  enclosed 
by  the  two  hemispheres  of  the  prosence- 
phalon. On  the  lower  surface  of  this  por- 
tion there  is  an  eminence,  which  con-esponds 
to  the  lobi  inferiores. 

In  the  Urodela  the  mesencephalon  re- 
mains at  a  certain  stage,  which  is  temporarily 
presented  by  theA^nra;  it  is  in  the  latter  only 
that  it  becomes  of  any  size,  and  is  divided 
into  two  halves  (c).  The  metencephalon,  how- 
ever, retains  its  primitive  form  of  a  lamella, 
which  bridges  over  the  fourth  ventricle  {(()* 
In  the  brain  of  tho  Reptilia  tho  angula- 
tion which  we  already  observed  in  Fishes  has 
been  much  increased  in  the  region  of  the 
thalam-  and  mes-encephalon,  owing  to  the 
increased  development  of  the  upper  parts  ; 
this  produces  a  change  in  the  relative  position  of  the  parts,  which 
ia  still  more  marked  in  tho  higher  divisions  (compare  the  sections 
in  Fig.  280),  The  prosencephalon  is  more  largely  developed,  and  has 
the  form  of  two  hemispheres,  covering  the  thalamoncephalouj  and 
broadest  behind.  The  olfactory  lobes  are  attached  directly  to  them. 
The  lateral  ventricles  are  %^ery  large,  and  communicate  at  the  cerebral 
cleft  with  the  thiid  ventricle,  which  is  placed  between  the  two 
halves  of  the  thalamencephalon,  and  is  provided  mth  a  large  in- 
fundibulnm.  The  mesencephalon  is  divided  by  a  groove  into  two 
hemispheres,  which  sometimes  project  very  far  forwards.  The 
meteneephalon  varies  a  great  deal ;  in  tho  Ophidii  and  Saurii  it 


Fig.  283.  Bmin  and  spinal 
chord  of  the  Prog.  A  froui 
abovo»  B  from  below* 
a  Lobi  oUactorii.  b  Prosen- 
oephaloD.  c  Meaencephaloiu 
dMetoacepbaloii.  eMyelen- 
cephalou.  8  Fuurtli  ven. 
triclo.  m  Spinal  chord. 
t  Filum  tennmale  of  the 
chord. 
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remains  at  a  low  stage  of  development,  and  fomis  a  small  lamtilk^ 
which  13  raised  up,  however,  in  a  vertical  directiou ;  in  the 
Cheloiiii  {Fig.  284^  ^1  11^  and  Crocodilini  it  is  broader,  and  in  the 
latter  it  ia  distinguished  bj  the  large  size  of  its  median  portion. 


Fig,  2Hl.     Brain  of  a   C  bo  Ionian  (after  BojanuE).     B  Of  a  Bird,     Vertical  mcHliun 

soctions.     I  Proaencopbalon.     Ill  Mesencepbalou.     IV  MetencepIialDn.     V  Myelin- 

oophaloD.    ol  Olfactory,    o  Optic  nerve-    h  Hj-pophysis-    a  {in  J)  connection  between 

the  two  hemLspliereB  of  tlie  mesenceplialun,     c  Anterior  eommissure. 


I 


This  condition  connects  theReptiliawith  the  A  vea^  which  are  distin- 
guished by  the  great  proportionate  size  of  their  prosencephalonj  the 
hemispheres  of  which  are  often  greatly  broadened  out.  They  are  con- 
nected by  a  fine  anterior  commissure  (Fig.  284,  B  c),  and  enclose  a  gan- 
glionic mass,  which  projects  inwards  from  the  side  wall,  and  convert- 
ing the  primitive  cavity  into  a  narrow  space  which  is  covered  over  by 
the  thin-walled  roof  of  the  hemispheres,  itself  forma  the  largest  part 
of  the  prosencephalon »  These 
masses  may  be  observed  in  as 
low  forms  as  the  Amphibia,  and 
in  the  Eeptilia  they  are  very 
largo  (Fig,  286,  A  si).  The  small 
thalamencephalon,  which  is 
completely  covered  over  by  the 
hemispheres  of  the  prosence- 
phalon, has  its  roof  divided.  The 
mesencephalon,  which  is  very 
large  in  the  embryo,  is  divided 
into  two  pieces,  which  are  pushed 
doivn  to  the  sides  of  the  brain 
(Fig*  285,  c),  and  havo  the  general 
internal  cavity  continued  into 
them.  The  largo  median  portion  of  the  cerebellum  is  transversely 
laminated,  audj  owing  to  its  size,  covers  over  the  whole  of  the 
myelencephalon. 

§382. 

In  the  Mamjnalia  the  brain  closely  resembles  that  of  the  lower 
forms  in  its  earliest  stages  only  (cf ,  Fig,  280),  for,  owing  to  its  special 
line  of  differentiation,  it  is  very  different  to   that  of  Birds  and 


Fig*  285.  Brain  of  the  D  om ©b  1 1 c  F  o  w  K 
A  From  iibovo,  B  From  below,  a  BElbi 
olfactorii,  h  Hemispheres  of  tho  prosen- 
cepkalon.  c  Motjoucepbalon.  d  Mo  ten - 
cephalon.  df  Its  lateral  parts,  e  Myel- 
oQoepbAlon  (after  C.  G.  CaruB). 


\ 
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Eeptiles.  The  most  iroporfcant  cli«aiiges  are  seen  in  tlio  prosen- 
cephalon^  wliich  Las  tliu  olfactory  lobes,  T^^bicli  are  as  a  rule  still 
hollow,  connected  witli  its  lower  surface ;  tliese  lobes  arc  more  or 
lesg  covered  over  by  the  hemispheres,  according  to  the  extent  to 
which  they  are  developed.  The  prosencophalic  hemispheres  are 
always  separated  by  a  fissure,  which  is  very  deep  anterioi^y.  They 
arc  primitively  connected  together  by  a  commissure  which  is  placed 
in  front  of  the  primitive  cerebral  cleft;  through  the  cleft  there  m  a 
passage  into  the  cavities  of  the  prosencephalon,  or  hiteral  ventricles* 
When  they  arc  more  highly  developed,  the  hinder  portions  of  tlio 
hemispheres  increase  in  size;  the  cleft,  which  was  at  first  small,  is 
hiterally  extended  and  disappears  from  the  surface,  being  completely 


Fig.  28R»  DiffereDtiation  of  the  proBonoeplialon.  A  Brain  of  a  Cln?loniaD,  U  Of 
a  fojtal  Calf,  C  €>f  a  Cat.  Iii  J  and  B  lb©  roof  of  tb©  proBcticeplialic  carity  is 
removed  from  tlio  left  aide,  and  Ibo  fornii  from  tbo  right.  In  0  the  whole  of  the 
lat<?ml  aod  poHterior  portion b  of  the  right  proBCticephalie  lohe  arc  removed,  and  no 
much  on  the  left  as  is  necessajy  to  display  the  lipvrard  bend  of  the  coriitj  ammonis. 
In.  all  the  hgnrcs  J  marka  tho  proiictieepbalDn,  II  TLalameneepbalon.  JIJ  Mosgqoo- 
pbalon.  IV  Moteiicephalou.  I'  Myelencejjhalon.  ol  OlfEictoly  bulb  (shown  in  ii  as 
commtmicatiug  with  the  cavity  of  tho  prose  nee  phalon).  ei  Corpas  striatum,  /  Fornix. 
h  Pes  hippocampi  major,    s  r  Rhomboidal  siaui.    g  Geniculate  pnxjess. 


covered  over  by  the  hinder  wall  of  the  laternl  ventricles,  which  have 
gi^own  out  at  tho  sides  and  behind.  With  this  is  correlated  the  differ- 
entiation of  tho  primitive  commissure  into  a  system  of  commissures, 
the  lowest  stage  of  which  is  represented  in  the  Monotremata  and 
Marsopiah'a*  The  primitive  commissure  is  first  differentiated  iota 
an  inferior  and  a  superior  portion  ;  tho  former  is  the  anterior  com- 
missiire;  the  latter  forms  a  slender  bridge,  which  is  pkced  above  tho 
anterior  edge  of  the  thalaraencephalon,  and  below  which  there  is  on 
either  side  the  entrance  into  the  lateral  ventricles  ;  these  last  extend 
downwards  and  backwards.  In  their  anterior  region  the  coipua 
striatum  forma  a  projection  (Fig,  286,  B  C  st)j  and  posteriorly  there 
is  a  rounded  process,  which  is  connected  with  the  upper  portion  of 
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the  system  of  commissures,  and  which  forms  the  posterior  boundary 
of  the  margin  of  the  cleft,  which  always  lies  above  the  thalamen- 
cephalon  (comu  ammonis  sive  pes  hippocampi  major)  (G  h). 

The  superior  commissure  is  converted  into  two  different,  but 
connected,  structures.  The  sides  of  one  bound  the  entrance  into 
the  lateral  ventricles  superiorly,  and  it  passes,  at  its  sides  and  below, 
into  a  band  which  is  placed  on  the  hippocampus  major.  This  portion 
(fornix)  (B  Of)  commences  anteriorly  by  ascending  columns,  is 
somewhat  broadened  out  over  the  thalamencephalon,  and  is  con- 
tinued into  the  posterior  descending  columns.  Superiorly  it  is 
connected  with  a  portion  of  the  commissural  system,  the  corpus 
callosum,  which,  at  first  continuous  with  it,  becomes  anteriorly 
separated  from  it.  The  backward  extension  of  these  commis- 
sures is  dependent  on  the  development  of  the  hemispheres  of  the 
prosencephalon,  which  are  feebly  developed  in  Rodents,  Edentates, 
and  Insectivora.  According  as  they  increase  in  size,  the  anterior 
commissure  is  diminished  in  area.  In  the  Monotremata  and  Didel- 
phia  it  is  very  much  so,  and  is  converted  into  a  thin  chord  placed 
in  front  of  the  columns  of  the  fornix.  The  more  the  hemispheres 
of  the  prosencephalon  are  enlarged  backwards,  the  more  do  they 
overlie  the  parts  behind  them. 

In  many  Mammals  the  hemispheres  are  smooth,  and  the  surface 
of  the  prosencephalon  is  then  in  a  simple  stage,  corresponding  to 
its  embryonic  characters;  these  may  be  complicated  by  gyri  and 
sulci.  The  gyri  are  at  first  arranged  regularly  and  symmetrically, 
and  only  become  asymmetrical  when  they  are  more  largely  developed, 
as  they  are,  for  instance,  in  Man.  But  even  in  this  case  they  may 
be  divided  into  groups,  the  boundaries  of  which  are  formed  by  the 
earliest,  which  are  in  some  Mammals  the  only,  sulci  present.  The 
gyri  are  similar  in  character  in  their  earliest  stages  only.  When 
they  are  complicated,  the  arrangements  differ  in  different  divisions 
of  the  Mammalia,  and  serve  as  indications  of  the  degree  of  affinity 
that  there  is  between  such  divisions. 

The  thalamencephalon  is  divided  into  two  masses,  which  Ho 
immediately  behind  the  corpora  striata  of  the  lateral  ventricles  of  the 
prosencephalon,  the  thalami  optici.  The  epiphysis  is  placed  at  the 
hinder  end  of  the  cleft  which  separates  them.  The  cavity  of  this 
portion  is  reduced  to  a  small  space  between  the  two  thalami,  and  is 
continued  downwards  into  the  inf  undibulum,  which  is  carried  by  the 
tuber  cinereum. 

The  mesencephalon,  which  for  a  long  time  forms  the  largest 
division  of  the  brain  (Fig.  280,  0  c),  has  its  primitive  lumen  gradually 
converted  into  a  narrow  canal  (aqueductus  Sylvii),  which  unites  the 
third  with  the  fourth  ventricle.  Its  surface  is  divided  by  shallow 
longitudinal  and  transverse  grooves  into  four  bodies  (Fig.  286,  BO 
III),  in  consequence  of  which  the  corpus  bigeminum  becomes  the 
corpora  quadrigemina.  This  division  into  four  lobes  is  very  slight  in 
the  Monotremata. 

The  metencephalon  (cerebellum)  only  resembles  that  of   the 
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Fislies  and  Ainpbibia  during  the  earlier  stages  of  development. 
The  simple  lamella  is  developed  into  a  large  body,  in  which,  as  in 
the  Crocodilini  and  Ave?^,  the  first  part  to  be  differentiated  ia  the 
middle.  In  the  Marsupialia,  however,  this  forms  a  delicate  trans- 
verse commissnro  for  some  time,  while  the  lateral  parts  are  developed 
to  a  greater  size.  Transverse  lamellaa  are  developed  in  both  regions, 
and  are  arranged  in  varions  groups.  The  median  portion  is  alwajrs 
the  larger  in  the  Monotremata,  and  it  is  large  in  the  Marsnpialia, 
Edentata,  and  Chiroptera.  It  is  not  til!  we  come  to  the  Camivora 
and  Ungnlata  that  we  find  the  lateral  parts,  or  ''hemispheres  of 

the  cerobellura,"  de- 
veloped to  a  greater 
size ;  in  most  Primates 
they  are  so  much  the 
larger,  that  the  median 
portion  diminishes, 
and  is  known  as  the 
"  vermis/* 

As  the  prosence- 
phiilon  increases  in 
size,  it  gradually 
covers  the  other  di- 
visions of  the  brain • 
In  many  Marsnpials, 
and  in  Rodents  (of. 
Fig.  287,  A)  and  In- 
sectivors,  it  does  not 
reach  to  the  corpora 
qofldrigemina ;  and, 
in  most  of  the  other 
Mammalia  the  meten- 
cephalon  is  altogether 
or  very  nearly  free; 
in  the  Primates,  however,  this  portion  is  altogether  below  the 
posterior  lobes  of  the  prosencephalic  hemispheres  j  in  this  point  the 
anthropoid  Apes  most  closely  resemble  Man.  When  the  hemi- 
spheres of  the  metencephalon  increase  in  size,  a  transverse  commis- 
sure Ls  developed  on  the  lower  snrface  of  the  primitive  myelencephalon 
— the  pons  Varolii ;  this  appears  to  unite  the  anterior  portion  of  the 
myelencephalon  more  closely  to  the  cerebellum.  This  commis- 
sure is  feebly  developed  in  the  Monotremata  and  Marsupial  ia,  and 
most  largely  in  the  higher  Primates. 


^IILP^ 


Fig,  2S7.  Brain  of  the  Rabbit.  .4  From  abovo, 
B  From  below,  h  Olfactory  lobes.  I  Prosencephnloii. 
HI  Mesencephalon.  FV  Meteneephalon.  V  Myeleu, 
ciephalon.  h  Hypopliyaia.  2  Opiio,  3  Oculo.motor. 
5  TngQininus.  B  Abdncena.  7  8  Facial  and  auditory 
nerves.  Id  ^  the  roof  of  the  right  hemisphere  is 
removed  eo  that  wo  ean  nee  into  the  lateral  vent  del©, 
and  nrmk*?  out  the  corpna  Btriatnm  in  front,  and  the 
fornix  with  the  comnieaeement  of  the  pes  hippocampi 
major  behind. 


Mt&ALEOYics,  Y.  v.,  Entwickelnngsgesch.  des  Oehimfl.     Leipxig'.  1877* 
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b)  Spinal  Chord, 
§  383. 

The  spinal  chord,  which  is  continuous  with  the  medulla  oWongatu^ 
is  formed  from  the  de- 
relopment  of  the  lateral 
halves  of  the  wall  of  the 
primitiTe  medullary  tube. 
As  the  lateral  parts  in- 
crease in  size  an  anterior 
longitudinal  fissure  is  de- 
veloped- The  primitiye 
lumen  of  the  tube  is  con- 
verted into  the  central 
cauaL 

The  central  appara- 
tus of  the  spinal  chord 
occupies  the  inner  parts, 
and  forma  a  gray  mednU 
laiy  mas8^  which  is  seen, 
in  cross  section,  to  have 
the  form  of  cornua,  which 
pass  forwards  and  back- 
wards (Fig,  288,  de). 

Owing  to  the  distri- 
bution of  the  central 
apparatus  in  the  central 
portions   of    the    spinal 

chord,  that  is,  in  the  gray  columns  which  pass  off  from  the  region 
of  the  central  canal  (e),  the  white  medullary  mass,  which  consists 
of  nerve -fibres,  is  chiefly  placed  towards  the 
exterior,  forming  longitudinal  columns,  which 
are  partly  separated  from  one  another  by  the 
anterior  and  posterior  longitudinal  fissures  (a  h ), 
and  partly  by  the  points  at  which  the  roots  of  the 
nerYCs  pass  out  {ijht).  This  arrangement  of 
the  white  matter  is  a  peculiarity  of  the  spinal 
cliordj  and  is  also  a  point  of  difference  between 
it  and  the  ventral  chord  of  the  Annulata  and 
Arthropoda,  which  is  of  great  significauco. 

In  the  Cyclostomata  the  spina!  chord  forms  a 
flat  band,  as  it  does  also  in  Cliima^ra ;  in  most  it 
is  more  cylindrical  in  foi-m,  and  gradually 
diminishes  in  size  as  it  passes  towards  the  end 
of  the  spinal  canal.  There  are  often  special 
enlargements  at  the  points  whore  the  larger 
nerves  are  given  off ;  they  are  very  strikingly 


H^.  28S.     TraaaTene  eoctioti  through  the  apinftl 
chord  of  a  Calf,    a  Antcinor,   h  Posterior  longi. 

indiimt   fissure,      c    Coutr&l   canal.      <i     Ant  prior, 

e     Postorior    oorDiiA,        /    Subfltantia    golatiiiosa, 

<j  Antorior  oolamn  of  tho  white  substauoe.  h  Lat^eral. 

i  Posterior  ooltimD.    k  TmnsTarae  Dommissiirefl. 


Fij?.  289.  Bra  I II  nnit 
Bpitml  pliord  of  Ortha- 
g^slBCiia  mnlft  (lift  IT 
Arfwikj).  H  Jimin  mn\ 
anteritn"   rogioii    at    IIk^ 

adrial  iea  (ftfror  Tk^l©- 
TiiHttn), 
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developed  in  some  species  of  Trigla  (cf ,  Fig,  289j  B),  as  is  a  smaller 
number  of  them  forming  the  exceptionallj  ghort  spinal  chord  of 
Orthagoriscus,  etc.  {A). 

As  the  Bize  of  tliG  spinal  chord  ia  influenced  by  the  masses  of 
nerves  which  are  given  off  from  it,  we  find  that  in  the  four  higher 
classes  of  the  Vertebrata  the  great  development  of  their  extremities 
and  the  large  size  of  the  nerve-chords  that  go  to  them  are  correlated 
with  the  increased  development  of  the  size  of  the  spinal  chord  in  varioos 
regions.  In  this  way  the  cervical,  or  thoracic,  and  lumbar  enlarge- 
ments are  formed ;  they  are  very  large  in  some  cases  (e.g*  Chelonii 
and  Aves).  The  primitive  medullary  cavity,  which  persists  as  the 
central  canah  remains  open  in  the  lumbar  swelling  of  Birds,  and  thus 
a  sinus  rhomhoidahs  ia  developed;  this  is  similar  to  the  sinus  which 
is  always  found  in  the  medulla  oblongata.  It  is  found  for  a  short 
time  in  the  embryos  of  Mamniak  also  {Fig*  279,  a). 

As  a  rule  the  spinal  chord  extends  through  the  whole  of  the 
Bpinal  canal;  but  in  the  Amphibia  (Anura)  and  Aves,  and  most 
markedly  in  many  Mammalia,  it  is  pressed  more  forwards,  owing  to 
the  unequal  development  of  the  enclosing  and  enclosed  parts,  so  that 
the  nerves  which  are  given  off  from  it  for  the  hinder  parts  of  the 
body,  have  to  run  for  some  way  in  the  spinal  canal  before  they  get 
to  their  orifices  of  egress. 


e)  Investments  of  the  Central  Nervous  System. 

§  384. 

As  the  cavity  of  the  skull  ia  adapted  to  the  brain,  which  it 
encloses,  this  latter  at  first  fdls  up  the  cranial  cavity.  The  same  ia 
true  of  the  spinal  chord  and  spinal  canal.  The  surface  of  the  whole 
of  the  central  nervous  system  is  separated  fi'om  the  w^alls  of  its  case, 
wtiich  are  formed  by  the  skeleton,  by  parts  which  either  belong  to 
the  skeleton,  or  to  the  nervous  system,  or  which  are  interstitial  in 
character.     These  form  the  coverings  of  the  brain  and  spinal  chord* 

The  periosteal  investment  of  this  skeletal  cavity  develops  the 
dura  mater.  In  the  lower  divisions  this  membrane  appears  to  be 
a  mere  periosteal  (or  perichondrial)  layer ;  it  is  not  much  larger  till 
we  reach  the  Reptilia,  where  it  first  acquires  the  character  of  an 
independent  formation.  In  the  cranial  cavity  of  Birds  it  fornis  a 
process  between  the  hemispheres  of  the  prosencephalon  (falx 
cerebri),  and  this  is  found  in  most  Mammals  also,  where  it  is  accom- 
panied by  a  process — the  tentonnm  cerebelli — best  developed  in 
the  higher  orders,  w^hich  projects  between  the  cerebellum  and  the 
posterior  lobes  of  the  prosencephalon.  In  many  Mammalia  (Gar- 
ni vera,  Perissodactykj  etc.)  the  tentorium  is  ossified.  The  spinal 
portion  of  the  dura  mater  is  less  peculiar  in  character.  In  the  Mam- 
malia it  is  separated  from  the  periosteum  as  high  up  as  the  occipital 
foramen,  and  forms  a  sac,  which  loosely  envelopes  the  spinal  chord. 
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The  pi  a  materj  part  of  the  nervona  systenij  ia  a  layer  of  con- 
nective tissue  covering  the  latter,  in  which  the  blood-vessels  of 
the  nervous  centres  run.  It  extends  into  the  depressions  between 
the  different  portions.  It  sends  out  convohiteJ  vessels  (rotia)  from 
the  large  cerebral  cleftj  which  are  connected  with  the  roof  of 
the  cleft ;  these  pass  into  the  interior  of  the  lateral  ventricles  of  the 
prosencephalon.  It  is  continued  over  and  forms  a  roof  for  the  sinus 
rhomboidalis  of  the  myDlencephalonj  where  it  often  forms  a  vascular 
plexus. 

The  arachnoid  membrane  in  the  most  variable.  In  those 
FisheSj  in  which  the  brain  fills  the  cranial  cavity,  it  is  a  thin  layer  of 
connective  tissue  which  scarcely  deserves  the  name  of  a  membrane, 
for  it  is  as  intimately  connected  with  the  pia,  as  with  the  dura  mater. 
When  a  larger  space  is  formed  between  the  brain  and  the  wall  of 
the  skull,  this  tissue  is  either  converted  into  a  network  filled  with 
lymph  (Squatina),  or  into  gelatinous  tissue  (Scymnns),  or  it  gives 
rise  to  fat  cells  (many  Teleostei).  In  the  higher  Vertebrata  the 
arachnoid  is  generally  a  delicate  layer  of  connective  tissue ;  in  the 
Mammalia  it  is  differentiated  as  it  is  in  Man. 


B,  Peripheral  NervouB  System. 

§  385, 

The  nerves  which  are  given  off  from  the  central  organs  are 
divided  into  spinal  and  cerebral  nerves;  in  the  Acrania  there  is  no 
difference  between  these  two  kinds.  In  Amphioxus  only  one 
anterior  and  larger  trunk  is  remarkable  for  its  course,  and  its 
numerous  ramifications  in  the  anterior  end  of  the  body.  It  ib 
clearly  comparable  to  one  of  the  cerebral  nerves  of  the  higher 
Vertebrata,  but  it  must  be  here  noted  that,  compared  with  the 
Craniotaj  the  whole  organisation  of  Amphioxus  is  in  an  indifferent 
condition.  The  other  nerves  of  the  medullary  tube  (with  the  excep- 
tion of  those  for  the  nasal  pit  and  eyes)  are  similar  in  chai^acter  to 
spinal  nerves^  and  are  remarkable  for  the  fact  that  they  are  given 
off  alternately  from  the  medullary  chord.  The  similarity  in  the 
chameters  of  these  nerves  leads  to  the  supposition  that  the  difference 
between  the  cerebral  and  spinal  nerves,  which  is  seen  in  tlie 
Craniota,  is  a  condition  which  was  acquired  by  them,  when  the  head 
waa  developed.  The  nerves  of  Amphioxus  have  no  ganglia,  and  are 
formed  by  single  roots ;  this,  again,  is  a  point  in  which  they  difFer 
markedly  from  the  Craniota,  As  Amphioxus  has  no  "  head,^'  in  the 
sense  in  which  we  speak  of  it  in  the  Craniota,  we  cannot  suppose 
that  the  nerves  are  separated  into  cephalic  and  spinal  nerves.  The 
most  we  can  do  is  to  regard  the  nerves  which  belong  to  the  region 
in  front  of  the  posterior  boundary  of  the  branchial  cavity,  as  the 
indifferent  equivalents  of  the  cephalic  nerves  of  the  Craniota,  and 
the  rest  of  the  nerves  behind  these  as  spinal  nerves* 
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a)    Spinal  Nerves. 
§  38G, 

Tlio  metamerism  of  the  vertebrate  body,  wliicli  is  f3rst  seeu  in 
the  formation  of  primitive  vertebra?,  is  quite  as  much  expressed  by 
the  chamcters  of  the  spinal  nerves,  and  by  their  mode  of  distribu- 
tion. A  pair  of  nerves  correspoudi  to  each  vertebral  segment. 
Each  nerve  is  formed  by  the  miioii  of  two  roots  which  have  their 
origin  in  the  lateral  halves  of  the  spinal  chord.  The  superior  or 
sensitive  root  forms  a  ganglion,  before  it  unites  with  the  inferior  or 
motor  root;  and  the  fibres  thus  formed  mix  with  those  of  the  lower 
rootj  and  form  the  trunk  of  a  spinal  nerve*  In  the  Selachii  the 
inferior  and  Boperiur  roots  pass  through  separate  foramina  in  tho 
spinal  canaL  As  a  rule,  the  nerves  leave  the  spinal  canal  between 
two  arches. 

Each  spinal  nerve  divides  into  two  chief  branches— a  ramus 
dorsalis  supplies  the  muscles  and  skin  of  the  back,  a  ramus  ventralia 
goes  to  the  sides,  and  ventral  wall  of  the  body,  and  gives  off  a  ramus 
visceralis  to  the  viscera.  This  latter  forms  the  connection  between 
the  so-called  sympathetic,  and  the  ccrebro-spinal  nervous  system. 

In  Fishes  we  always  find  tho  spinal  nerves  at  the  intermuscular 
ligaments.  They  follow  exactly  the  metamerism  of  tho  body,  so 
long  as  this  continues  to  be  expressed* 

The  size  of  the  nerves  is  correlated  with  the  development  of  the 
parts  which  they  supply.  When  the  extremities  are  formed,  their 
rami  ventr^les  become  very  large.  A  number  of  rami  veotrales  of 
the  anterior  spinal  nerves  {cervical  nerves)  are  then  formed  into  a 
plexus  (plexus  hrachialis),  from  which  the  nerves  for  the  anterior 
extremities  are  given  off ;  in  the  same  way,  the  nerves  for  the  hinder 
extremities  are  given  off  from  a  plexus  (plexus  lumbalis  and  p*  sac- 
ralis),  which  is  formed  more  posteriorly,  either  in  front  of,  or  in  the 
pelvis.  These  plexuses  change  their  position  when  the  limbs  do  so 
(cf.  pp,  473,  474), 

The  brachial  plexos  of  tho  Amphibia  is  formed  of  three  or  four 
nerves  (in  the  Frog,  the  2nd,  3rd,  and  4tli  spinal  nerves).  In  the 
Reptilia  the  brachial  plexus  is  generally  made  up  by  the  cervical 
nerves  from  tho  sixth  to  tho  ninth  ;  in  Varanus,  from  tho  seventh  to 
tho  tenth ;  and  in  tlie  Alligator  the  first  thoracic  nerve  also  enters 
the  plexus.  In  Birds  it  is  formed  from  the  last  cervical  and 
first  thoracic  nerve,  or  from  the  11th  and  12th  cervicals,  or  1st  and 
2nd  thoracic  nerves.  In  the  Mammaliaj  the  last  3,  4,  or  5  cervical 
nerves,  and  the  1st,  and  sometimes  also  the  2nd,  thoracic  nerves^ 
contribute  to  form  the  plexus. 

The  nerves  for  the  hinder  extremities  are  given  off,  in  the 
Amphibia,  from  a  plexus  which  is  generally  formed  by  three  ner\'es. 
The  anterior  of  the  nerves  thus  formed  is  the  crural ;  the  sciatic  is 
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larger^  and  is  made  up  from  nearly  all  the  branches  that  pass  into  the 
plexus ;  this  nerve  is  the  chief  nerve  of  the  extremity  in  the  higher 
Vertebrata  also. 

The  crural  and  sacral  plexuses  are  more  distinct  from  one  another 
in  Reptilia  and  Aves.  In  the  former,  four  nerves  generally  pass  into 
these  plexuses.  In  Birds  there  are  generally  seven  or  eight  nerves 
set  apart,  and  most  of  these  are  for  the  sciatic  nerve ;  in  the  Mammalia, 
again,  it  is  composed  of  a  much  smaller  number. 


b)  Cerebral  Nerves. 
§  387. 

The  cerebral  nerves,  which  by  a  descriptive  anatomist  are  taken 
in  the  order  of  their  position,  are  seen  to  break  up  into  two  very 
distinctly  marked  divisions,  when  examined  after  the  comparative 
method.  One  division,  the  larger,  contains  nerves  which  more  or 
less  agree  with,  or  might  even  be  derived  from,  spinal  nerves,  while 
the  other  contains  those  which  have  not  the  faintest  resemblance  to 
spinal  nerves. 

This  latter  division  contains  two  specific  sensory  nerves,  the 
olfactory  and  the  optic. 

The  olfactory  is  formed  of  a  complex  of  nerve-filaments,  which 
arise  from  the  olfactory  lobe,  and  are  distributed  in  the  olfactory 
mucous  membrane.  According  as  the  olfactory  lobe  is  near,  or  far 
from  this  membrane,  these  nerves  form  a  trunk  on  either  side  (as  in 
many  Fishes,  and  in  the  Amphibia,  Reptilia,  Aves,  and  Monotreme 
Mammals),  or  leave  the  cranial  cavity  separately,  by  passing  through 
a  'Mamina  cribrosa^'  (Selachii  and  Mammalia). 

The  optic  nerve,  which  arises  from  the  thalam-  and  mes-ence- 
phalon,  is  formed,  as  is  part  of  the  eye,  from  a  vesicle  (optic  vesicle), 
which  is  developed  from  the  primitive  prosencephalon ;  it  forms  the 
stalk  of  this  vesicle.  After  the  differentiation  of  the  vesicle  of  the  fore- 
brain,  it  is  connected  with  the  thalam-  and  mes-encephalon.  In  the 
Cyclostomata  the  optic  nerve  of  each  side  passes  to  the  eye  on  the 
same  side ;  the  nerves  of  either  side  do  not  exhibit  any  union  with  one 
another  excepting  close  to  their  point  of  origin.  But  in  the  Gnatho- 
stomata  a  larger  portion  of  the  optic  nerve  is  prominent  on  the  base  of 
the  brain,  and  here  the  fibres  eAibit  a  crossing  over  from  one  side  to 
the  other  (chiasma).  The  fibres  which  pass  to  this  point  constitute 
the  optic  tract,  and  form  a  portion  of  the  brain,  which  in  the  Cyclo- 
stomata has  not  attained  to  the  surface.  The  chiasma,  therefore,  is 
not  a  new  formation,  but  a  differentiation.  In  the  Osseous  Fishes, 
the  fibres  cross  completely  ;  the  optic  nerve  of  the  right  eye  passes 
to  the  left,  and  that  of  the  left  to  the  right,  each  passing  above  or 
below  the  other.  More  rarely,  one  optic  nerve  perforates  the  other 
(Clupea),  or  the  different  bundles  of  nerves  pass  through  separately. 
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In  tho  Selachii  and  GanoiJei,  some  only  croes  oveTi  and  this  ia  the 
arran^'cmcnfc  which  13  seen  in  all  the  higher  Vertebmta. 

Neither  of  these  sensory  nerve.s  have  any  character  in  which 
they  i^seuible  ypinal  nerves,  nor  can  they  bo  referred  to  metameres. 
They  belong  to  that  portion  of  the  cranium  which  19  not  formed  by 
the  concrescence  of  vertebral  segments  (cf .  §  3 10)  ;  and  they  may 
correepond  to  those  nerves  which  we  found  passing  to  the  same 
organs  in  the  Invertebmta. 

§  388. 

The  second  division  consiBts  of  the  nerves  which  are  arranged 
on  tho  type  of  the  spinal  nerves.  It  is  sometimes  possible  to  dis- 
tingjiish  two  roots  :  their  dorsal  branch  is  often  very  feebly  developed, 
in  correkition  with  the  small  size  of  the  area  to  which  it  is  dis- 
tributed. The  ventral  branch  ia  consequently  the  important  one;  it 
sends  nerves  to  the  branchial  arches,  and  the  parts  derived  from  them. 
The  visceral  branch  goes  to  the  wall  of  the  pharynx.  The  nerves 
of  this  division  arise  at  the  base  of  the  fourth  ventricle,  and  partly, 
also,  from  its  continuation  in  the  aquedactus  SylvJi.  They  are 
given  off  from  the  myelencephalon,  and  leave  the  cranial  cavity  by 
perforating  the  vertebral  portion  of  the  cranium  (§  340).  While  these 
relations  are  beat  seen  in  the  cephalic  nerves  of  the  Sclachii,  which 
most  resemble  the  primitive  condition^  they  undergo  greater  changes 
the  farther  the  organism  has  risen  above  this  low  stage,  or  has  been 
differentiated  in  another  direction. 

We  may  note  a  number  of  special  chamcfcers  in  the  various 
noi*ves,  proceeding  on  the  supposition  that  the  series  are  homody- 
namous  with  spinal  nerves.  Some  branches  of  a  nerve  become  much 
larger  than  others,  which  undergo  degeneration ;  or  the  roots  of  a 
nerve  t^e  an  independent  course,  and  give  tho  appearance  of 
independent  nerves.  In  this  way  a  nerve  is  broken  up ;  but  other 
nerves  may  undergo  concrescence,  so  that  what  were  primitively 
complexes  of  nerves  acquire  the  form  of  a  single  nerve. 

This  latter  arrangement  is  seen  in  two  groups  of  the  cerebral 
nerves,  which  I  have  distinguished  as  the  trigeminal  and  as 
the  vagus  group;  the  names  of  which  are  taken  from  that  of  the 
most  important  nerve  in  each  group. 


§  389. 

The  trigeminal  group  supplies  the  anterior,  and  largeif 
portion,  of  the  head.     The  following  nerves  belong  to  it : 

First,  the  trigeminus,  the  largest  nerve  of  the  group,  which,  in 
correspondence  with  tho  gfcat  differentiation  of  the  regions  to  which 
it  is  sent,  has  the  characters  of  a  greatly  developed  spinal  nerve 
(Fig.  200,  Tr).  Its  doreal  branch  is  formed  by  the  ophthalmic,  which 
supplies  the  orbits  and  the  ethmoidal  region.  A  branch  for  the  cranial 
cavity,  which  is  found  in  the  Teleostei,  also  belongs  to  the  dorsal 
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branch.  Tho  ramus  maxillaris  superior  always  runs  on  the  floor  of 
the  orbit,  and  gives  off  sensory  branches  to  the  maxillary  region.  Its 
infraorbital  branch  is  the  largostj  especially  in  the  Mammalia.  The 
B.  max.  sup. J  with  the  ramus  maxillaris  inferior,  represents  a  ventral 
trunk ;  in  the  Selachii  this  is  very  clearly  the  nerve  of  the  mandi- 
bular arch  J  and  appears  as  the  largest  portion  of  the  trigeminus.  It 
is  distributed  to  the  moscles  of  the  jaw,  to  the  integument,  and  to  a 
large  part  of  the  mucous  membrane  of  the  mouth  (ramus  lingual  is). 
The  intestinal  trunk  is  represented  by  a  palatine  trunk  of  the  second 
branch,  which,  in  Fishes,  passes  directly  to  the  palate,  but  in  the 
higher  Vertebrata  only  reaches  the  palate  by  means  of  its  connection 
with  a  sympathetic  ganglion  (sphenopalatine  ganglion), 

The  nerves  of  the  optic  muscles — the  oculo-motorius  and  tro- 
chlearia — in  origin  and  distribution,  belong  to  the  trigeminus,  (ind 
seem  to  be  parts  which  have  been  separated  off  from  it.  Although 
the  statements  that  the  nerves  for  the  optic  muscles  are  given  off  from 
the  ophthalmic  branch  of  the  trigeminus  in  Lepidostens  and  Lepi- 
dosiren,  and  that  in  the  Salamandrina  tho  trochlear  is  replaced  by  a 
bi-anch  of  the  same  nerve,  require  confirmation,  and  whilst  what  really 
has  occmred  in  these  cases  k,  perhaps,  that  the  nerves  of  the  optic 
muscles  have  become  united  with  the  trigemiuus,  and  not  that  they 
are  completely  wanting,  yet  the  supposition  that  processes  of  segre- 
gation have  been  tho  cause  of  these  nerves  arising  separately  from 
the  myelencephalon  in  the  other  Vertebrata,  cannot  be  rejected. 
The  fact  that  the  ramus  inferior  of  the  trigeminus  has  no  motor 
elements,  and  that  the  muscles  in  its  area  are  supplied  by  apparently 
independent  nerves,  will  always  be  of  great  importance. 

The  second  nerve  of  the  trigeminal  group  is  the  facialis  and 
acusticus.  The  latter  seems  to  be  homologous  with  a  purely  sensory 
dorsal  branch  of  a  spinal  nerve ;  its  terminal  area  has  been  carried 
below  that  plane  in  which  we  must  suppose  it  to  have  primitively 
I'amified^ — that  is,  below  the  surface  of  the  body ;  and  this  change 
has  accompanied  the  removal  of  the  vesicles  of  the  labyrinth  from 
the  integument,  and  their  passage  into  the  interior  of  tho  wall  of  the 
skull  (cf.  infra,  auditory  organ)*  This  points  to  a  dorsal  branch 
having  primitively  passed  upwards  through  the  wall  of  the  skull,  and 
agrees  with  the  course  of  the  dorsal  branches  of  tho  other  cephalic 
nerves,  and  with  the  ophthalmic  branch  of  the  trigeminal. 

The  facialis  {Fig.  290,  Fa)  has  the  arrangement  of  a  i^mus 
ventralis  belonging  to  the  hyoid  arch.  It  supplies  the  integumen- 
tary as  well  as  the  muscular  portions  of  this  segment,  and  is,  there- 
fore, primitively  a  mixed  nerve.  In  tho  Teleostei  it  enters  into  con- 
nection with  the  trigeminal;  in  many  Sharks,  also,  it  is  fused 
with  it.  So,  also,  in  tlie  anourous  Amphibia  it  is  united  to  the  tri- 
geminal. This  union,  however,  is  effected  during  their  ontogenetic 
development.  In  the  Urodela,  as  in  the  higher  Vertebrata,  it  is 
always  distinct,  and  in  the  Mammalia  its  sensory  elements  are 
apparently  absent.  In  these  latter  its  area  of  distribution  is  very 
great,  owing  to  the  increase  in  size  of  the  facial  musculature  ;  while 
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its  Btapedial,  digastric,  and  styloli joid,  as  also  its  auricular  branches, 
belong  to  tho  primitivo  hyoidean  area.  Its  visceral  branch  appears 
to  bo  tho  pahitine  of  Fishes ;  in  the  Mammalia  this  is  represented 
bj  the  potrosus  superficialis  major,  and  passes  to  the  muscles  of  the 
velum  palati  through  the  spheno-palatine  ganglion*  The  chorda 
tjmpani  forms  a  connecting  twig  between  the  facial  and  the  third 
branch  of  the  trigeminal ;  this  is  found  even  in  Fishes, 

One  of  the  nerves  for  the  optic  muscles,  the  abducens,  mast  also 
bo  regarded  as  part  of  tho  facial  nerve,  as  is  clear  from  its  area  of 
origin*  It  supplies,  as  a  rule,  the  rectus  externus,  and  in  Petromyzon 
the  rectus  inferior  also.  The  position  of  the  rectus  externus  explains 
how  it  is  that  it  belongs  to  a  different  nervous  area  from  that  of  the 
other  optic  muscles* 


§  390. 

The  first  nerve  of  the  vagus  group^  tho  glossopharyngeal!  is 
the  simplest  in  character.  In  the  Selachii  it  is  distinct,  a»s  it  is  ako 
in  the  greater  number  of  the  Teleostei;  in  Chimajra,  however,  it 
leaves  the  cranial  cavity  in  company  with  tho  vagus,  ivith  which 
nerve  it  is  united  in  the  Cyclostomata  and  in  Lepidosiron,  It  has 
the  same  relations  in  the  Amphibia,  but  in  the  Amniota  it  is 
ordinarily  distinct. 

In  Fishes  (many  Sharks)  it  has  a  dorsal  branch,  which  takes  an 
upward  course  within  the  cranium,  and  there  ramifies  on  the  surface. 
The  chief  trunk  (Fig.  290,  Gp)  is  the  ventral  one;  this  is  distri- 
buted all  along  the  first  branchial  arch  ;  it  gives  off  a  pharyngeal 
branch  to  the  wall  of  tho  pharynx,  which  represents  its  visceral 
branch.  When  tho  first  branchial  arch  is  metamorphosed,  this 
arrangement  is  so  far  modified  that  the  pharyngeal  branch  and 
the  lingual,  which  ends  in  the  mucous  membrane  of  the  tongue,  form 
the  chief  portion  of  the  nerve. 

The  vagus  is  closely  attached  to  the  glossopharyngeal  at  the 
point  where  it  leaves  the  myelencephalon ;  to  fully  understand  this 
nerve  it  is  necessary  to  have  a  knowledge  of  its  simplest  characters, 
as  they  are  best  seen  in  Sharks  {cf.  Fig,  290).  The  vagus  is  here  made 
np  of  a  large  number  of  separate  roots,  which  have  their  origin  in 
the  myelencephalon,  nearly  as  far  back  as  the  fourth  ventricle ;  the 
anterior  ones,  which  have  their  origin  just  behind  the  glossopharyn- 
geal, are  tho  larger.  The  posterior  ones  become  gradually  smaller 
and  smaller  than  those  in  front  of  them.  The  last  of  the  series  are 
collected  into  a  small  trunk,  which  passes  forwards,  and  is  attached 
to  one  of  the  more  anterior  ones.  The  common  trunk  thus  formed 
passes  through  the  wall  of  the  omnium  oblicpiely  backwards  and 
outwards;  on  its  course  it  gives  off  a  small  dorsal  branch  for  the 
occipital  region. 

When  it  has  passed  out  of  the  cranium  the  vagus  tmnk  gives  off 
a  number  of  branchial  branches,  in  correspondence  with  the  number 
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of  branchial  arches  (Fig,  290).  The  first  branchial  branch  (h/) 
passes  to  the  second  branchial  arch,  and  also  gives  off  a  line  twig  to 
the  first  arch.     lu  this  point  the  bnmchia!  branches  of  the  vagns 


l^vr 


Fig.  290.  CophttUo  nerves  of  Hexaaolitta  griieua.  On  iha  right  is  figured  els 
mnch  of  the  course  of  aU  tbo  cephalic  nerves  as  c«Ji  be  men  from  above.  Tbe  orauinl 
cavity  aod  Rpintil  canal  are  both  laid  opoD,  bo  that  the  brain  and  epiaal  chord  are 
expctsed.  Tbe  right  eye  and  its  miiBcles  ia  removed,  On  the  leftje  the  roof,  only,  of 
the  orbit  ia  removed  ^  bo  that  the  bulb  and  its  muse  lea  ure  exposed  to  view.  The 
region  of  the  labyrinth ^  and  ol  the  occipital  jrartion  of  the  cranium,  has  been  removed 
as  far  as  the  levels  of  the  nerve -trunks,  which  paea  out  through  thooi.  A  Anterior 
fontanello  (ct-anial  lacuna).  A^  Nb sal  capsule,  i<o  Bulbus  olfactorius.  Tr*  Firat  bran ch 
of  the  triKerainah  a  Ita  terminal  twig  iq  the  ethmoidal  region.  Tr^*  Second 
branch,  T/"  Third  branch,  tr  Trochlearis.  Fa  Facmlis-  tfji  GloBaopharyngcns* 
Vy  Vagus.  L  Kamus  lateralis.  .  J  EamuB  intestinal  is.  o«  Muse,  obliq.  oc.  sup. 
W  M.  rectna  intemna.  r*  M,  rectua  externna.  rs  M»  roctna  superior.  8  Spiracular 
cleft,  Pq  Palato-qnadrate.  Hm  Hyomatndibular.  r  Braochia!  rays.  1 — 6  Branchial 
arches,     ti-^^^r*^  Bi-auchia?. 


resemble  the  glossopharyngeal  and  the  facial,  which  likewise  send 
off  fine  twigs  to  tbe  arches  next  in  front  of  them*  A  pharyngeal 
branch  is  given  off  at  the  point  where  this  branchial  branch  divides. 
The  vagus  trnnk  is  continned  on,  ad  an  intestinal  branch  (g)j  to 
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the  alimentary  canal ;  it  ramifies  on  the  pharynx  and  Btomach,  and 
also  gives  off  branches  to  the  heart.  Before  the  vagtia  trnnk  gives 
off  the  branchial  branches,  it  sends  off  a  large  dorsal  branchy  which 
passes  backwards  in  the  dorsal  region  ;  this  is  the  lateral  branch  (L)^ 
which  ramifies  in  the  akin  alongside  the  lateral  lino  of  the  body, 
and  extends  as  far  as  the  tail. 

While  the  nei-ve-rootSj  that  make  np  the  vagus  trank,  leave  the 
myelencophalon  together,  there  are  other  roots,  which  belong  to 
the  vaguSj  and  which  arise  from  the  myelencephalon,  underneath  those 
already  mentioned;  of  these  there  are,  at  most,  five,  and,  generally, 
only  two  or  three  filaments,  each  of  which  reaches  the  exterior  by  a 
special  eanal  in  the  wall  of  the  cranium.  Some  pass  to  the  mnscleSj 
and  some  are  connected  with  the  first  of  the  spinal  nerves;  they 
may  be  called  the  inferior  roots  of  the  vagus,  while  those  before 
mentioned  are  the  superior  roots.  The  foramina  of  the  lower  roots 
lie  in  the  same  row  as  the  foramina  of  the  inferior  roots 
of  the  spinal  nerves;  the  foramen  for  the  complex  of  superior 
roots  is  placed  higher  up,  and  is  in  a  line  with  the  foramina  of 
the  superior  roots  of  the  spinal  nervea. 


§  39L 

From  the  description  that  wo  have  just  given,  it  is  clear  that  the 
whole  vagus  must  be  regarded  as  a  complex  of  a  large 
number  of  nerves,  which  are  homodynamous  with  spinal 
nerves.  This  is  indicated  by  the  various  inferior  roots,  which 
pass  out  separately,  but  much  more  emphatically  by  the  distri- 
bution of  the  trunk,  formed  by  the  superior  roots.  While  eacli 
branchial  branch  of  the  vagus  has  exactly  the  same  characters 
as  a  ventral  branch  of  a  spinal  nerve;  and  while,  moreover, 
the  branchial  arches  supplied  by  it  must  be  regarded  as  arches, 
which  were  primitively  part  of  the  cranium  (§  J3 40) ;  and  while, 
lastly,  each  of  the  other  arches  (mandibular,  hyoid,  and  first  bran- 
chial) is  innervated  by  a  nerve,  in  just  the  same  way  as  is  a  meta- 
mere  of  the  trunk  by  a  spinal  nerve ;  the  series  of  the  superior  roots 
of  the  vagus  are,  on  their  side,  the  distinct  equivalent  of  a  number 
of  separate  nerves,  the  sum  total  of  which  must  correspond  to  the 
maximum  number,  at  any  rate,  of  the  arches  supplied  by  them. 
This  view  of  the  real  character  of  the  vagus,  advanced  by  me,  is  shown 
to  be  the  correct  one  by  the  developmental  history  of  these  nerves, 
which  has  lately  been  made  out  in  the  Sharks.  As  there  is  reason 
for  supposing  that,  even  in  the  Selachii  themselves,  there  has  been  a 
great  reduction  in  the  primitive  number  of  the  gills,  inasmuch  as  a 
process  of  this  kind,  although,  indeed,  affecting  a  small  number  of 
gills  only,  can  bo  observed  within  the  limits  of  the  group,  it  follows 
that  the  extension  of  the  vagus  on  to  a  portion  of  the  alimentary  tube 
is  explicable  as  due,  not  so  much  to  an  incursion  of  the  nerve  into 
a  territory  which  was  not  originally  within  the  area  of  its  distribution, 
as  to  the  modification  of  a  i*egion,  which  formerly  did  cany  branchial 
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clefts  ia  its  walls,  and  belonged  to  the  pharynx,  into  a  portion  of  the 
intestinal  tract,  serving  exclnsively  for  the  reception  of  food.  Nor 
is  there  anything  remarkable  iu  the  existence  of  cardiac  branches, 
when  the  fact  is  recognised  that  the  heart  was  derived  from  a  region 
which  was  partly  within  the  area  supplied  by  the  vagus. 

The  ramus  lateralis  appears  to  be  a  sensory  bnmch  of  the  vagasj 
which  waa  some  time  in  being  developed  pi^oportionately  to  the 
growth  of  the  sensory  apparatus  of  the  lateral  line,  which  is  inner- 
vated by  it. 

Takmg  therefore  the  vagus  as  a  whole,  we  see  that  in  it,  just 
as^ — though  to  a  l&sa  extent  —  in  other  nerves  (e.g.  the  facial 
and  trigeminal  of  the  Amphibia),  a  number  of  nerves  are  united 
together ;  and  these  nerves  show  both  by  their  origin  and  by 
their  peripheral  relations  that  they  are  the  remnants  of  nerves 
which  were  primitively  distinct;  our  view,  therefore,  of  the 
characters  of  the  vagus  agrees  very  closely  with  the  in- 
dications given  us  by  the  posterior  portion  of  the  cranium* 

The  phaenomenon  of  the  concrescence  of  separate  nerves  is 
carried  still  farther  in  the  vagna  of  the  Selachii,  and  destroys  all 
signs  of  individuality,  for  in  most  of  them  {all  the  Rays)  the 
separate  roots  come  nearer  to  one  another  ',  this  arrangement  is  the 
dominant  one  in  all  other  Fishes  also. 

In  the  Teleostei  some  of  the  relations  of  the  vagoa  are  much 
changed,  A  few  filaments  of  the  hinder  roots  fuse  with  an  inferior 
root,  and  form  a  large  nerve,  which  passes  out  from  the  cranium^  and 
seems  to  go  to  the  muscles  of  the  shoulder- girdle.  The  relations  of 
this  nerve  require  more  accurate  investigation. 

In  other  points  the  peripheral  relations  of  the  vagus  are  the  same 
as  those  which  we  have  described.  A  dorsal  branch,  which  is  present 
in  some  of  the  Teleostei,  must  be  more  particularly  mentioned.  It  is 
united  to  a  dorsal  branch  (R.  recurrens)  of  the  trigeminal,  and  goes  to 
the  base  of  the  dorsal  fin,  receiving  connecting  branches  from  some 
spinal  nerves  as  it  does  so. 

§  392. 

In  the  Amphibia  the  vagus  has  the  same  relations  as  in  Fishes, 
so  long  as  the  gills  are  present;  it  even  gives  off  a  lateral  branch, 
w^hich  in  the  Caducibninchiata  has  the  same  fate  as  the  branchial 
branches,  when  the  gills  are  atrophied. 

In  the  Amniota  the  only  portion  of  the  vagus  which  is  present  is 
tho  part  which  is  developed  from  the  anterior  portion,  of  the  series 
of  superior  roots  of  the  Selachian  vagus ;  the  trunk,  which  they  form, 
is  only  distributed  as  far  as  the  stomach  in  the  intestinal  tract,  while, 
owing  to  tho  absence  of  gills,  the  branchial  branches  have  dia- 
appezired,  or — find  this  is  probably  more  correct — have  been  partly 
converted  into  pharyngeal  branches.  In  Fishes  the  air-bladder, 
which  is  differentiated  from  the  enteric  tube,  receives  bmnches  from 
the  vagus,  and  so  also  the  respiratory  apparatus  of  the  Amphibia 
and  of  tho  Amniota,  which  has  a  similar  origin,  also  receives  branches 
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fi'oin  tbe  vagus  ;  when  a  larynx  and  laryngeal  musclea  are  developed, 
Bome  of  these  nerves  give  rise  to  constant  brfinches.  The  cardiac 
relations  of  the  vagus  are  retained,  and,  as  tho  intestinal  terminal 
area  of  the  vagus  becomes  gradually  removed  from  the  region  of  the 
head,  this  hraneh  is  converted  into  a  long  nerve-trunk. 

TJie  hinder  portion  of  the  roots  which  belong  to  the  vagus  in  the 
Sekchii  are,  in  tho  AmniotR^  united  into  a  small  nerve -trunk — the 
accessorius  Willisii- — which  is  partly  connected  \vith  tho  vagus,  and  ia 
partly  distributed  to  the  muscles  of  the  shoulder -girdle.  The  root- 
fibres  which  form  tho  nerves  arise  from  parts  which  are  placed  much 
farther  hack  than  the  medulla^  especially  in  tho  Mammalia,  where 
they  are  found  between  the  origins  of  the  upper  and  lower  roots  of 
the  spinal  nerves ;  in  Man,  indeed,  they  extend  as  far  back  as  the 
sixth  or  seventh  pair. 

Lastly,  tho  inferior  roots  of  the  area  of  the  vagus  form  a  special 
nerve-trunk  in  the  Amniota  j  this  is  the  hypoglossns,  which  supplies 
the  muscles  of  the  tongue.  It  retains  its  primitive  characters  in 
so  far  as  that  it  is  made  up  of  several  root-fibi-es,  which  moreover 
pa38  out  separately  from  the  skull,  and  are  arranged  in  pairs  in 
the  Mammalia* 

The  posterior  complex  of  nerves  given  off  from  tho  niyelence- 
phalon  is  therefore  tho  most  variable  in  character.  Probably  derived 
from  as  many  separate  nerves  as  there  were  primitive  branchial  arches, 
it  is  found  in  its  most  indifferent  condition  in  the  Sekchii ;  it  sepa^ 
rates  off  a  hinder  portion  in  the  Teleostei,  which  forms  a  special  nerve; 
and  in  the  Amniota  forms  three  different  nerves^ — vagus,  accessoriuB, 
and  hy^poglossus. 

Gkoknbaur,  C,  Ueber  die  Kopfuerren  von  HexancfauB  iind  ihr  Yerli&Uniss  zur 
~  Wirbcltbeorie  dea  Schadels*     Ji?u.  ZeilB<?br.     Bil.  VL 


c)  Visceral  Nervous   System, 

$  393. 

After  the  visceral  branches  are  given  off  from  the  cerebi^o -spinal 
nerves,  they  become  connected  together,  each  uniting  itself  to  the  one 
next  behind  it ;  they  thus  form  a  commissure,  which  runs  along  the 
vertebral  column,  and  is  continued  to  the  basis  cranii ;  this  is  tho 
Kubvertebral  chord  of  the  visceral  nervous  system,  or  sympathetic. 
There  arc  ganglia  at  the  points  where  tho  rami  viscerales  of  the 
cerebro-spinal  nerves  are  connected  with  the  chord;  tho  ganglia  of 
the  sympathetic  chord.  From  these  gjinglia  nerves,  which  are 
made  np  of  fibres  of  the  sympathetic  and  of  cerebro-spinal  fibres, 
pass  to  their  proper  arem  of  distribution.  The  various  nerves,  whether 
passing  directly  to  thu  viscera,  or  first  traversing  the  sympathetic 
chord,  are  genemlly  collected  into  trunks  set  apart  for  the  chief 
divisions  of  the  viscera,  and  ai*e  known  as  cardiac,  sphinchmc,  or 
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other  nerves.  They  form  plexuses^  which  contain  a  large  number  of 
ganglia^  and  there  are  also  separate  ganglion  cells,  in  large  numbers, 
on  the  course  of  the  sympathetic  nerves. 

These  plexuses  are  distributed  on  the  enteric  tube,  and  on  all  the 
organs  derived  from  it,  as  also  on  the  vascular  system,  and  urino- 
genitary  organs. 

Tills  portion  of  the  nervous  system  appears  to  bo  absent  in  the 
Acrania,  and  among  the  Cyclostomata  it  is  not  present  in  the  Myxi- 
noidea,  whore  the  vagus  seems  to  supply  the  enteric  area  of  the  sym- 
pathetic. From  the  Fishes  onwards  this  system  is  always  present, 
although  much  modified.  The  fibres  of  the  sympathetic  appear  to 
be  elements,  which  peTmanently  retain  a  lower  grade  of  development, 
JList  as  do  the  fibres  of  the  cerebro-spinal  nerves  of  the  Cyclostomata. 


Sensory  Organs. 

§  39t 

All  the  sensory  organs  of  the  \'ertebrata  are  formed  from  differen- 
tiations of  the  integument.  The  kind  of  share  which  is  takeu  by  the 
integument  differs  with  the  quality  of  the  organ »  As  in  the  Inverte- 
brata,  so  here  we  can  separate  the  sensory  organs 
into  those  which  preside  over  a  specific  sen- 
sation, or  higher  sensory  organs,  and  those 
which  appear  to  serve  for  the  various  percep- 
tions, which  are  indifferent  in  character  and 
may  be  regarded  as  belonging  to  the  sense  of 
touch. 

There  are  many  organs  which  cannot  be 
reckoned  among  the  known  specific  sensory 
organs,  but  which  are  remarkable  for  the  high 
grade  of  their  differentiation,  so  that  their  ar- 
rangements do  not  allow  us  to  regard  them  as 
mere  'tactile  organs;^'  these  seem  to  justify  us 
in  assuming  the  existence  of  specific  sensory 
organs,  other  than  those  known  to  us  familiarly. 

Organs  of   this   kind  are  most  varied  in 
character  among  Fishes,  and  as  many  of  these 
arrangements  are  repeated  in  the  Aiophibia  it 
is  probable  that  they  are  correlated  with  an-    Fig.  291,  Goblet^aliAped 
aquatic  life.     The  most  important  organs  of     organs  from  tho  mucoua 
this  kind  are  the  following: 

1.  Goblet-shaped  organs.    Largo  struc- 
tures embedded  in  the  epidermal  layer,  and 
surrounded  by  long  spindle-shaped  cells  ;  they 
enclose  rod-shaped  end-organs  of  nerves ;  they  have  been  observed 
in  the  skin  of  the  Teleostci  and  of  the  Sturgeon,  and  appear  to 
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be  found  in  the  Amphibia  also.     They  are  also  foand  on  the  head 
of  Reptiles. 

2.  M 11  c  o  u  s  c  an  al  s.  A  system  of  tubes  which  branch es  regularly 
in  tho  head  of  Fishes,  runs  in  the  corium^  and  opens  to  the  exterior 
bj  branched  canals,  and  at  definite  points.  Near  its  opening  the 
tube  contains  the  end-organ  of  a  nerve-twig.  A  similar  canal 
extends  from  the  head,  along  the  side  of  the  body,  as  far  as  the  tail. 
In  the  Ganoidei  and  Tcleostei  the  nervo-endings  of  the  system  of 
tubes  are  protected,  both  in  the  head  and  along  this  lateral  line, 
by  an  apparatus  formed  by  the  dermal  skeleton,  being  embedded 
either  in  modified  scales,  or  being  embedded  in  passages  in  the  larger 
covering  bones  of  the  head.  The  presence  of  goblet-shaped  organs, 
or  similar  structures  along  the  lateral  lines  o£  the  Amphibia  (larval 
forms  and  Perennibranchiata),  points  to  a  connection  between  these 
organs  and  the  *'  mucous  canals  "  of  Fishes, 

8.  Gelatinous  tubes.  Thin-walled  tubes  of  varying  length, 
filled  with  a  gelatinous  substance,  open  by  fine  pores,  and  carry  at 
the  opposite  end  nerve-endings,  which  are  placed  in  an  anjpulla- 
like  enlargement  of  varied  form.  These  organs  are  found  in 
great  quantity  on  the  head  of  the  Selachii,  where  they  are  generally 
placed  near  the  rostrum,  but  they  are  also  found  on  more  distant 
parts ;  thus,  for  example,  in  the  Rays  they  extend  as  far  as  the 
pectoral  fins  (Fig,  277,  t]. 

In  the  higher  Vertebrata  the  nerve-endings  in  the  integument  are 
less  complicated ;  as,  for  example,  the  corpuscula  tactils  in  the  pap  ill  as 
of  the  cutisj  which  are  observed  from  the  Amphibia  onwards. 

Owing  to  the  modifications  undergone  by  different  parts  of  the 
body  in  consequence  of  the  development  in  their  intogument  of  end- 
organs  of  sensory  nerves,  special  apparatuses  are  developed,  wdiich 
function  as  tactile  organs.  The  various  arrangements  of  this  kind 
are  wonderfully  dilferent,  but  as  they  are  structures  which  owe  their 
origin  to  special  adaptations,  we  can  only  mention  them  briefly.  In 
Fishes  these  organs  are  frequently  represented  by  the  "  beai-ds  ** 
around  the  mouth,  in  which  there  are  a  number  of  gohlet-shaped 
organs.  These  are  found  in  the  Sturgeons,  and  many  of  the  Cypri- 
noids.  In  the  Triglidas  certain  rays,  which  are  separated  off 
from  the  thoracic  fin,  and  are  well  supplied  with  nerves,  function 
principally  as  tactile  organs.  In  Birds  tho  sense  of  touch  is  not 
unfrequently  found  in  the  soft  tip  of  the  beak  j  this  is  the  case  in  the 
Rails,  Ducks,  etc.  In  the  Mammalia,  again,  w^e  find  as  tactile  organs 
stiff  setiform  hairs  placed  on  the  upper  lip,  or  even  above  the  eye ; 
these  hairs  are  not  only  greatly  elongated,  but  are  distinguished 
from  other  hairs  by  the  large  supply  of  nerves  to  their  follicles. 
Finally,  in  many  Mammals  the  limbs  themselves,  owing  to  the 
rich  supply  of  nerves  on  their  volar  and  plantar  surfaces,  and  to  tho 
power  of  movement  possessed  by  their  terminal  joints,  have  similar 
functions, 

LiyDiOi  UeberOrgane  ernes  seclistcn  Sionea.  N.  A.  Acad.  Le<»i>.CiiroL  Vol.  XXXIT. 
— JoHKBT^  Los  orgRuee  du  toucbtT,    Ann.  sc,  nut.    Her,  V,  Tudi.  XVI, 
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§  395. 

As  it  is  more  and  more  impossible  to  form  any  opinion  about  the 
sense  of  taste,  the  farther  the  organism  examined  is  removed 
from  Man^  it  is  impossible  to  speak  with  mnch  certainty  about  the 
gustatory  organs  of  most  of  the  Vertebrata.  We  can  only  there- 
fore regard  the  end-organs  of  nerves,  which  are  placed  in  the 
mucous  membrane  of  the  mouth,  as  belonging  in  a  general  way 
to  this  apparatus.  In  Fishes,  these  end-organs  have  no  specific 
character;  they  resemble  rather  the  goblet-shaped  organs  which 
are  scattered  in  the  external  integument ;  this  is  easily  understood 
when  we  reflect  on  what  is  the  origin  of  the  buccal  cavity.  Those 
which  are  found  in  the  palatine  region  are  the  most  exactly  known 
(cf.  Fig.  291) ;  in  the  Cyprinoids  the  mucous  membrane  of  this 
region  is  interwoven  with  a  large  number  of  muscular  fibres.  In 
the  Amphibia  the  tongue  appears  to  be  the  principal  seat  of  these 
structures,  which  are  also  known  as  ''gustatory  goblet-cells;'' 
although  these  cells  are  not  ordinarily  found  on  the  tongue  of 
Reptiles  and  Birds,  the  tongue  of  the  Mammalia  is  provided  with 
them,  and  they  are  placed  on  the  sides  of  the  papillaB  circumvallatao. 


Olfactory  Organs. 
§  396. 

In  all  Vertebrata  the  olfactory  organs  appear  as  shallow  pits, 
placed  on  the  head,  and  enabled  to  receive  excitations  from  the 
surrounding  medium  by  means  of  the  rod-shaped  end-organs  of  the 
olfactory  nerve.  The  sensory  organ  is  therefore  represented  by  a 
differentiated  portion  of  the  integument.  Although  we  cannot 
certainly  say  that  these  structures  have  in  aquatic  forms — Pisces  and 
Amphibia — ^the  same  function  as  they  certainly  have  in  the  air- 
breathing  forms,  yet  we  are  perfectly  justified  in  giving  them  the 
same  name  at  any  rate,  for  we  see  that  they  pass,  and  that  in  a 
continuous  series,  into  the  more  complicated  organs  of  the  higher 
Vertebrata,  which  undoubtedly  do  serve  as  olfactory  organs. 

In  the  Leptocardii  the  olfactory  pit  is  unpaired,  as  it  is  also  in 
the  Cyclostomata,  where,  however,  it  is  converted  into  a  deeper  tube 
(Fig.  239,  </'),  which  ends  blindly  in  Petromyzon  {gr),  but  in  the 
Myxionoidea  has  the  form  of  a  canal  which  passes  through  the  palate ; 
the  walls  of  this  canal  are  supported  by  a  tube  of  cartilaginous  rings. 
In  the  Gnathostomata  there  are  paired  olfactory  pits.  In  Fishes 
they  remain  mere  pits,  or  are  but  slightly  deepened.  In  the  Selachii 
two  processes  project  from  the  margin  of  a  nasal  orifice  towards 
one  another,  ana  divide  the  primitively  simple  orifice  into  an  afferent 
and  an  efferent  orifice.    In  the  Osseous  Fishes  this  arrangement  is 


526 


COSTPAEATIYE  ANATOJiY. 


carried  still  fartlier,  for  a  bridge  of  iutegument  is  drawn  over  ttc 
pit,  and  the  two  separate  openings  are  sometimes  widely  separated. 
Both  orifices — but  most  coinmoiily  tbc  anterior  ones — may  project 
forwards  in  tbe  form  of  tubes.  The  in  vesting  mucous  membrane 
sometimes  forms  radialj  sometimes  parallel  folds,  by  which  its 
surface  may  bo  considerably  increased.  The  whole  surface  is  supplied 
with  terminal  branches  of  the  olfactory  nerve.  There  is  another 
kind  of  raodificatiouj  in  which  the  surface  is  so  much  increiised 
towards  tho  exterior,  by  the  extension  of  tlie  olfactory  raucous 
membrane  over  a  iiapilliforni  process,  that  the  pit-like  appearance 
is  altogether  destroyed. 

In  many  Selacbiij  and  in  the  Chimterae  the  olfactory  pit  is 
connected  with  tbc  mouth,  owiug  to  the*  formation  of  a  groove 
(nasal  groove),  wbicb  passes  from  tbe  pit  to  the  angle  of  tbc 
mouth   (Fig.  292).      Tbe  gi^oove  is  frequently  covered  over  by  a 

median  aermal  fold,  and  is  not  un- 
frequently  converted  into  a  deeper 
canal  (Bays).  In  this  arrangement 
we  may  observe  a  step  towards 
that  which  obtains  in  other  Ver- 
tebra ta,  where  the  olfactory  pita 
arc  only  superficial  in  position 
during  an  early  period  of  em- 
bryonic life.  In  them  the  arrange- 
ment which  is  permanent  in  Fislies 
disappears,  and  the  processes  which 
go  on  during  further  development 
cause  the  nasal  pits  to  sink  below 
the  surface.  This  is  effected  by  the 
great  growth  of  the  parts  which  limit 
tbe  pit  in  fronts  at  tho  sides^  and 
in  tho  middle  line;  by  the  growth 
of  tbe  edges  of  the  groove  towards  one  another  a  canal  is  developed 
which  leads  from  the  pit  to  the  primitive  cavity  of  the  mouth — 
that  is,  from  withoutj  inwards;  this  canal  opens  behind  the  margin 
of  the  jaws. 

We  find  this  arrangement  in  tbe  Dipnoi  and  Amphibia.  Tho 
internal  opening  of  tho  nasal  canal  is  placed,  in  the  former,  as  also 
in  the  Perennibranchiata,  just  within  tbe  soft  margin  of  the  mouth. 
In  the  Salamandrina  and  Anura  it  is  bounded  by  firm  parts  of  tho 
jaw- skeleton. 

When  a  nasal  canal  is  formed,  the  primitive  nasal  pit  itself  is 
removed  from  the  surface.  The  surface  of  the  pit  then  becomes  com- 
l>licated  by  processes  from  the  ethmoidal  cartilage  (turbinate  bones). 
In  tbe  Amniota  there  are  yet  further  modifications;  owing  to  these, 
the  upper  part  of  the  primitive  buccal  cavity  is  converted  into  a  space 
which  takes  in  the  nasal  pit,  and  in  its  upper  portion  tbe  olfactory 
membrane  is  spread  out.  The  primitive  ol factory  pit  cannot, 
therefore,  be  any  longer  distinguished  as  a  separate  organ  ;  and  it 


Fig.  £92;  JiiforiOT  Bnrfece  of  tLe  Lead 
of  Soyllitim.  tit  Moat h.  q  Eutranco 
to  the  n&eal  pit.  n  Nasal  valve  in  Ita 
natural  pOBition.  n'  Nasal  valve 
tarned  back,  r  Nasal  grtwvo,  The 
dots  represent  tbe  orifices  of  tbe 
mucous  canals. 
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Will  be  best,  consequently,  to  consider  this  new  arrangement  of  the 

nasal  cavity,  when  we  come  to  treat  of 

the   mouth.      Glands    are   differentiated 

in  the  mucous  membrane  of  the  nasal 

cavity,  which  are  of   a  relatively  large 

size  in  the  Amphibia,  although  not  absent 

in  the  Mammalia.     Connected  with  the 

process  by  which  the  primitive  nasal  pit 

is  carried  far  inwards,  is  the  development 

of  an  organ,  which  appears  to  be  a  part 

separated  off  from  the  nasal  pit.     This  is 

the  organ  of  Jacobson.      It  forms  a 

tube  which  lies  at  the  base  of  the  nasal 

cavity,  and  ends  blindly  behind  (Pig.  293, 

J) ;  the  olfactory  fibres  in  its  walls  are 

provided  with  end-organs.   These  organs 

are  found  in  Reptiles  and  Mammals,  and     „^f ^;^if ^'^^^  ^'^obson's 

open  into  the  buccal  cavity  by  the  ducts     ^^,  ''*]^'  ^^^^  (ancrTy 

of  StcnsOD.  Lacorta). 


Visual   Organs. 
§  397. 

The  eye  in  the  Vertebrata  appears  to  have  essentially  the  same 
structure  as  in  the  more  highly  developed  groups  of  lower 
animals ;  but  the  ontogeny  of  the  organ  shows  that  it  belongs  to 
another  typo,  and  this  is  also  obvious  from  its  minute  structure. 
Wo  cannot,  therefore,  connect  it  directly  with  the  relatively  well- 
developed  stages  of  the  eye  in  other  animal  phyla ;  the  only  indi- 
cations of  any  connection  are  to  be  seen  in  the  Tunicata.  In  the 
larv89  of  the  Ascidisd,  as  in  Vertebrata,  the  eye  is  not  directly  de- 
veloped from  the  ectoderm,  but  from  the  anterior  portion  of  the  central 
nervous  system.  What  is  known  as  the  eye  in  Amphioxus  is  of  a 
much  lower  grade ;  it  is  a  spot  of  pigment  which  varies  in  character, 
and  is  attached  to  the  anterior  end  of  the  central  nervous  system. 

The  central  nervous  system  chiefly,  and  secondarily  the  integu- 
ment, are  concerned  in  the  constitution  of  the  Vertebrate  eye.  The 
former  gives  rise  to  the  apparatus  which  perceives,  the  latter  to  the 
apparatus  which  refracts,  the  light.  The  earliest  rudiment  of  the  eye 
is  a  diverticulum,  which  is  developed  from  the  sides  of  the  prosen- 
cephalon (Fig.  294,  A  a),  and  which  has  the  form  of  a  vesicle,  connected 
by  a  stalk  (b)  with  the  rudiments  of  the  brain  (c).  The  "primitive 
optic  vesicle  "  lies  below  the  ectoderm ;  the  ectoderm  next  gives  rise 
to  a  thickening  (5),  which  pushes  in  the  anterior  wall  of  the  vesicle 
towards  the  posterior  one.  Below  this  thickening  a  process  of  the 
mesoderm  grows  towards  the  optic  vesicle,  and  puts  the  side-walls 
also  of  that  vesicle  in  continuity  with  the  epidermic  thickening. 
The  effect  of  these  processes  is  to  bring  the  anterior  and  posterior 
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Fig.  29-1.  A  Verticftl  &ection  through  the  rudimentary 
heAd  of  a  Fish,  c  Brain,  a  Primitive  optic  TCaide. 
h  Ita  Mtalk.  d  Integumentary  layer,  li  Formation  of  the 
secondary  optic  vesicle,  p  Outer,  r  Inn  or  layer  of  tiio 
Uriniitivo  optic  vesicle*  «  Epidemiia  puahirtg  the  lens  (0 
into  tbo  Bccondary  optic  veaicle.  Tbo  vitreous  b<>dy  is  seen 
behind  (after  8.  Sohenk). 


walls  of  the  priniitive  optic  vesicle  close  to  one  another ;  the  whole 

then  forms  the  Be- 
condary  optic  ves- 
icle, and  is  cup- 
shaped;  the  mouth 
of  the  cup  is 
filled  by  the  ec- 
todermal thicken- 
ing. This  latter 
forms  the  rudiment 
of  the  lens  (/). 
"WTiile  the  stalk  of 
the  primary  vesicle 
is  being  converted 
into  the  optic  nerve, 
the  tissue  behind, 
which  is  enclosed 
by  these  parts,  is 
converted  into  a 
substance^  which  gradually  fills  up  the  greater  part  of  the  secondary 
optic  vesicle,  and  forms  the  vitreous  body.  The  innermost  layer  of 
tissue  around  the  secondary  optic  vesicle  is  converted  into  a  vas- 
cular membrane,  the  choroid,  while  a  firm  fibrous  layer  outside  it 
forms  the  sclerotic,  and  invests  the  secondary  optic  vesicle  \  this 
grows  out  anteriorly  as  far  as  the  connection  between  the  lens  and 
the  ectoderm.  As  a  result  of  the  extension  of 
this  process,  the  lens  becomes  cut  off,  and  a  trans- 
parent portion  of  the  sclerotic  now  intercalated 
in  front  of  it  fonns  the  cornea,  which  at  the 
same  time  becomes  connected  with  the  rudi- 
mentary piece  of  integument  (conjunctiva) 
which  lays  in  front  of  the  lens. 

The  eye  then  is  a  rounded  capsule  (bidbua 
oculi),  the  investment  of  which  {sclerotic)  ox- 
tends  over  the  optic  nerve,  and  is  thence  con- 
tinued into  the  dura  mater,  whOe  anteriorly 
it  is  continued  into  the  cornea*  Within  this 
capsule  is  the  secondary  optic  vesicle,  which 
is  developed  from  the  invagiuated  primary 
one,  and  which  is  separated  from  the  sclerotic 
by  the  choroid.  The  secondary  vesicle,  iu 
which  there  is  a  lateral  cleft  owing  to  the 
ingrowth  of  the  ''vitreous  body,^*  embraces  the  lens  anteriorly* 
These  two,  layers  (a  i),  which  pass  into  one  another  at  tUa 
anterior  margin,  and  at  the  lateral  fissure  (Fig,  295,  ^),  are  not 
similarly  differentiated  ]  the  inner  one  (^/),  which  is  greatly  thick- 
ened at  a  very  early  stage,  has  its  hinder  portion  converted  into 
the  retina,  while  the  outer,  and  thin  one  (a),  forms  the  tapetuni 
nigrum.     When  the  tapetum  nigrum  becomes  pigmented,  a  pale 


Fig.     296.  Section 

through  tho  secondary 
optic  veaicle  of  &  Fiah  s 
embryo,  taken  vertically 
to  the  **  clioTOiflal  fis- 
sure «f."  a  Outer,  h  Inner 
lameila  of  tbe  optic 
veeicle-  c  Vitreous  body. 
d  IiCUB  (after  S.  Schenk). 
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lirio  can  be  made  out  on  the  lower  and  inner  side  of  the  rudimentarj 
bulb ;  thiss  extends  from  the  optic  nerve  to  the  free  anterior  edge 
of  the  choroid*  It  corresponds  to  the  fissure  (choroidal  fissure) 
which  was  formed  when  the  rudiment  of  the  vitreous  body  grew 
into  the  secondary  optic  vesicle  {§),  and  which  must  therefore  affect 
the  retina  and  the  pigmented  layer  of  the  choroid  (tapetum  nigrum), 
A  largo  number  of  changea  subsequently  affect  this  rudiment  of 
the  eye.  The  anterior  edge  of  the  secondary  optic  vesicle  grows 
out,  together  with  the  tissue  that  forms  the  rudimentary  choroid, 
and  gives  rise  to  the  iris,  which  bounds  the  pupih  When  the  pro- 
cess of  the  cutis  pushes  its  way  into  the  secondary  optic  vesicloj 
blood-vessels  pass  {in  the  Mammalia)  into  the  cavity ;  these  are  dis- 
tributed in  the  periphery  of  the  rudiment  of  the  vitreous  body,  so 
that  they  must  have  a  large  share  in  the  nutrition  and  growth  of 
this  structure.  The  lens,  also,  of  the  Mammalia,  is  invested  by  a 
vascular  capsule  of  connective  tissue,  which  disappears  again  before 
birth ;  in  some,  however,  it  does  not  disappear  so  early. 

Mci-LER,  W.,  Die  StatnmeBCtitwIckolting  des  JLugcs  der  Wirbeltbierc,  Leipzig, 
1875. —  Kksslkb,  L.,  Zur  Entwickolang  doa  Angcs  der  Wirbelthiere. 
Leipzig,  1877. 

§  398, 

As  to  the  fonn  of  the  bulb,  its  anterior  segment  is  much  flat- 
tened in  Fishes  {Fig,  290).  The  aquatic  Amphibia  have  the  bulb 
flattened  anteriorly;  the  Ophidii  and  Crocodilini,  among  the  Reptilia, 
are  characterised  by  a  more  considerable  curvature  of  the  cornea. 

In  most  Birds  (Fig.  298)  the  bulb  is  divided  into  an  anterior  and 
a  posterior  segment;  the  former  carries  the  very  convex  cornea. 
This  form  of  eye  is  most  marked  in  the  Bap  tores,  but  the  cornea  in 
flattened  in  the  Natatorea  and  Grallatores.  Among  Mammals,  also, 
the  spherical  form  of  bulb  may  undergo  great  variation  in  form. 

The  Sclerotic  may  be  formed  of  various  kinds  of  connective 
substances ;  in  fact,  it  may  be  made  up  of  connective  tissue,  of  bony 
parts,  or  of  cartilage.     This  latter  h  found  in  the  Selachii,  Chimjerm, 


Fig.  296.  Ejo  of  Eaox 
1  u  c  i  u  8 .  Horizon  tal  eeo- 
tion-  c  Oornea.  p  Pro- 
coasns  falcifomiifl,  /VOa- 
Bifications  in  the  sclerotic. 


.#■ 


Fig.  2^.   Eyo  of   Moni. 

tor,     Horimmtal   section. 

c   Cornea.       p   ProceasuB 

falciformifl. 


Fig*  298.     Eyo  of  Falco 

chrysivetoa,    IIorizoDtiil 

toction.     p  PecjLpn  (iiftcr 

W*  SdmmortDg). 


and  Gano'ideij  and  also  in  the  Amphibia. 
the  most  varied  in  the  Osseous  Fishes* 


These  arrangements  are 
2  It 
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Fig-  299.  Eyo  of  B  a  lao  n  a 
IQ  yEiticeti]B.  Horizontal 
flcotion  (af  t^r  W.  SOmmer- 


III  the  Saurii,  Cheloniij  and  Aves,  the  anterior  portion  of  the 
sclerotic,  which  abuts  on  the  cornea,  is  supported  (Fig.  296,  s)  by  a 

circlet  of  flat  pieces  of  bone  (sclerotic  ring). 
In  all  Maniiniils  except  the  Monotremata 
the  sclerotic  is  formed  of  connective  tissue; 
it  is  very  thick  in  the  Cetacea  {Fig.  299,  j*). 
The  choroid  is  made  up  of  several 
iayers,  which,  as  a  rule,  have  the  same 
characters  as  in  Man,  Anteriorly  it  givea 
rise  to  the  folded  ciliary  processes ;  these 
are  feebly  developed  in  the  Selachii  and 
GanoTfdei  (Sturio),  and  absent  in  most  of 
the  Tcleostei ;  the  choroid  is  then  continued 
on  as  the  iris,  which  bounds  by  its  inner 
margin  the  pnpil,  which  varies  in  form. 
The  tapetum  luciduni  is  a  special  modi- 
fication of  the  choroid;  this  forms  a  spot  of  varying  size,  which 
is  generally  greenish  or  bluish  in  coluur,  and  has  a  metallic  lustre ; 
it  is  sometimes  produced  by  groups  of  spicular  crystals  placed  in  the 
cells  of  the  tapetum  {Selachii),  or  by  a  fibrous  tissue  (Carnivorous 
Mammals  and  RuminBUts),  It  is  owing  to  its  presence  that  the  eye 
can  be  seen  in  the  dark* 

A  vascular  plexus,  which  lies  outside  the  choroid  of  Fishes,  forms 
the  so-called  choroid  gland.  In  the  anterior  portion  of  the  choroid 
there  is  a  muscular  layer,  which  forms  the  ring  known  as  the  ciliary 
ligament.  The  musculature  is  continued  hence  into  the  iris,  in 
which  there  are  radial  and  circular  fibres.  In  Fishes,  Amphibia, 
and  Mammals,  this  musculature  is  composed  of  smooth  fibres;  in 
Keptiles  and  Birds,  of  transversely  striated  ones. 

The  retina,  which  is  placed  on  the  choroid,  extends  forwards  as 
far  as  the  commencement  of  the  ciliary  body,  where  it  ceases  to  be 
developed.  The  optic  nerve  is  distributed,  and  ends,  in  it.  The  optic 
fibres  occupy  the  innemiost  layer  of  the  retina,  which  is  merely  sepa- 
rated from  the  vitreous  body  by  a  thin  membrane.  It  is  followed  by 
a  number  of  layers,  of  varying  structure,  the  last  and  outermost  of 
which  is  made  up  of  rod -like  and  cone-like  structures,  the  bacillar 
layer.  These  end-organs,  which  are  similar  to  the  rods  of  the 
invertebrate  eye,  are,  therefore,  turned  away  from  the  opening  of 
the  eye  in  the  Vertebrata;  the  Vertebrate  eye  is  therefore 
distinguished  from  the  optic  organs  of  the  Invertebrata 
by  a  very  essential  point,  which  must  not  be  left  out  of  con- 
sideration when  we  are  discussing  their  genetic  relations. 

Connected  with  the  development  of  the  secondary  optic  vesicle  is 
the  formation  of  a  special  organ,  which  makes  its  way  into  the 
vitreous  body  at  the  point  at  which  the  optic  nerve  pfisses  into  the 
retina  J  it  has  no  connection  with  the  choroid,  but  forms  a  vascular, 
darkly-pigmented,  process.  A  structure  of  this  kind  is  found  in 
the  eyes  of  many  Tel  eostei,  and  is  known  as  the  processus  falciform  is 
{Fig,29f>,  p).   Its  end,  which  in  many  Fishes  is  distinguished  by  a  layer 
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of  smootli  muscular  fibres,  is  provided  with  a  swelling  (campanula 
nallcri)j  which  is  attached  to  the  hinder  part  of  tho  capsule  of  tlie 
leub.  These  processes  are  also  found,  in  a  somewhat  modified  condi- 
tion, in  the  eyes  of  Reptiles  and  Birds.  In  the  Saurii  there  is  a 
curved  and  thickened  fold  which  extends  to  tho  Tuargin  of  the 
capsule  of  the  lens,  at  the  side  of  which  there  may  be  sovoral  other 
folds  (Fig.  297,^),  This  structure  is  feebly  developed  in  the  eye  of 
the  Crocodilini.  In  Birds  it  is  remarkable  for  the  iucrease  in  tho 
number  of  its  foldsj  and  is  distingoished  as  the  '^  pecten^^  {Fig,  298, })) , 
In  many  Natatorea  and  Urallatores  it  reaches  as  far  as  the  capsule 
of  the  lens.  In  the  Strnthiones  the  end  of  the  pccten  is  widened  out 
into  a  pouch  (marsupium).  In  Apteryx,  as  in  the  Mammalia,  it  ia 
absent.  The  point,  at  which  the  optic  nerve  entera,  varies  with  the 
characters  of  this  process,  for  when  it  ia  widened  out  at  its  base  the 
jierve  is  placed  more  to  the  side  of  the  eye. 

With  regard  to  the  lens,  the  difference  in  its  form,  in  accordance 
with  the  surrounding  media,  ia  a  noteworthy  point.  In  Fishes  it  is 
very  large,  and  quite  spherical,  as  it  is  also  in  the  Amphibia,  and  in 
aquatic  Mammalia;  while  in  others,  and  in  Birds  and  Heptiles,  wo 
meet  with  more  flattened  forms  of  lenses;  the  amount  of  flattening 
is,  of  course,  very  various.  The  internal  cavity  of  the  eye  is  divided 
into  an  anterior  and  a  posterior  space  by  the  attachment  of  tho  lens 
to  the  ciliary  portion  of  the  choroid,  Tlie  vitreous  body  fills  tho 
hinder  one ;  the  anterior  one,  which  hes  between  tho  anterior 
surface  of  the  lens  and  the  cornea,  is  often  but  a  very  small  portion 
of  the  whole  eye.     It  is  filled  by  the  aqueous  hum  our* 

§  399^ 

Accessory  organs,  which  pattly  seiTe  to  move,  and  partly  to 
protect  the  bulb,  are  connected  with  the  eye.  The  movements  of 
the  eye  are  genernlly  effected  by  six  muscles,  of  which  four  are 
straight  and  two  oblique.  They  are  atrophied  in  the  MyxinoHdea, 
In  many  Teleostei  the  straight  ones  are  embedded  in  a  canal  at  tho 
base  of  the  skull ;  this  is  in  adaptation  to  their  length,  which  again 
is  due  to  the  large  size  of  the  bulb*  They  take  then-  origin  from  a 
point  which  is  placed  some  way  behind  that  at  which  the  optic  nerve 
passes  out;  it  is  in  the  higher  divisions  only  that  they  acquire 
relations  to  this  point.  In  the  Amphibia  and  Reptilia  there  is 
a  retractor  of  the  bulb,  in  addition  to  the  four  straight  muscles. 
This  is  retained  also  by  most  of  the  Mammalia,  and  breaks  up  into 
several  portions  (in  Carnivora  into  four),  which  pass  to  the  bulb  from 
the  point  at  which  the  optic  nerve  enters  the  orbit.  In  the  Mam- 
malia the  superior  oblique,  whicb,  like  the  inferior  oblique,  ordi- 
narily arises  from  the  median  wall  of  the  orbit,  is  altered  in  character. 
It  has  the  same  origin  as  the  straight  muscles  of  the  eye,  and  tho 
tendon  of  insertion  passes  to  the  bulb  through  a  pulley,  and  at  an 
angle. 

Of  the  protective  organs  of  the  eye,  the  eyelids  are  folds  of  tho 
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integument.  The  inner  lamella  of  these  folds  is  a  continuation  of 
the  conjunctiva  which  extends  on  to  the  bulb,  and  which  is 
continuous  with  the  integument  at  the  margin  of  the  lid.  Eyelids 
of  this  kind  are  found  even  in  Fishes.  In  the  Selachii  there  are 
two  slightly  projecting  and  movable  folds,  which  appear  to  be 
indications  of  an  upper  and  lower  eyelid ;  in  many  Sharks  there  is 
also  a  third  fold  at  the  anterior  angle  of  the  eye,  which  can  be 
drawn  over  the  outer  surface  of  the  bulb  (nictitating  membrane). 
In  the  Ganoidei  and  Teleostei  the  immovable  folds  are  alone  present, 
or  there  may  be  merely  indications  of  them ;  they  are  ordinarily 
distinguished  as  the  anterior  and  posterior  eyelids.  Most  commonly 
the  integument  passes  at  once  mto  the  cornea.  In  the  Perenni- 
branchiata  and  Derotremata  there  is  a  connection  of  this  kind. 
Many  Salamanders,  and  the  majority  of  the  anourous  Amphibia, 
are  provided  with  horizontal  eyelids,  of  which  the  lower,  and  more 
movable  one,  functions  as  a  nictitating  membrane. 

In  the  Beptilia  and  Aves  there  is  an  upper  and  a  lower  movable 
eyelid  in  adcntion  to  the  nictitating  membrane.  In  some  Saurii 
(AscalabotaB)  and  in  the  Ophidii,  the  eyelids  are  developed  as  an 
annular  fold,  which  continues  to  grow  until  at  last  it  forms  a  pellucid 
membrane  which  lies  in  front  of  the  eye,  and  which  completely  sepa- 
rates the  cornea  from  the  external  medium.  The  circular  rudiment  of 
this  structure  corresponds  to  the  circular  eyelid  of  the  ChamaBleons. 
There  is  a  muscular  apparatus  for  the  horizontal  eyelids,  as  well  as 
for  the  nictitating  membrane.  Whilst  the  two  horizontal  eyelids 
persist  in  the  Mammalia,  the  nictitating  membrane  undergoes 
degeneration.  It  is  supported,  as  are  the  two  other  eyelids,  by  a 
cartilaginous  lamella,  it  is  generally  reduced  to  a  fold,  which  is 
placed  at  the  anterior  (inner)  angle  of  the  eye;  in  the  Primates  it 
has  lost  its  primitive  significance,  and  forms  the  plica  semilunaris. 

A  glandular  apparatus  for  the  eyelids  is  first  differentiated 
in  the  Amphibia  and  Beptilia.  In  Beptiles  and  Birds,  and  also  in 
Mammals,  there  is  a  gland  which  opens  below  the  nictitating 
membrane  (Harderian  gland,  or  gland  of  the  nictitatiDg  niembrane), 
which  is  placed  at  the  inner  angle  of  the  orbit ;  it  is  not  present  in 
the  Primates.  Its  secretion  is  different  from  that  of  the  lachrymal 
gland. 

The  Lachrymal  glands,  which  are  placed  at  the  outer  angle 
of  the  eye,  are  first  seen  in  Beptiles^  where  they  are  smaller  than  the 
Harderian  gland ;  they  have  the  same  characters  in  Birds.  They 
are  larger  in  the  Chelonii  and  MammaUa  (except  the  Cetacea), 
where  the  lachrymal  gland  consists  of  a  complex  of  separate  glands, 
which  are  generally  imited  into  larger  masses. 

A  special  efferent  duct  into  the  nasal  cavity  is  formed  for  the 
secretion  of  these  glands,  which  is  passed  out  below  the  upper  eye- 
lid. A  canal  of  this  kind,  formed  by  an  epithelial  thickening  on 
the  surface  of  the  head,  is  present  even  in  the  Amphibia.  In  the 
Amniota  the  development  of  the  lachrymal  duct  is  connected 
with  that  of  the  face.     The  groove,  which  is  formed  between  the 


AUDITORY  OEG^U^S   OF  YERTEBRATA. 


533 


processes  of  the  upper  jaw,  and  the  external  nasal  processes  by  the 
differentiation  of  these  parts,  and  which  leads  from  the  region 
of  the  inner  angle  of  the  eye  towards  the  edge  of  the  nasal  pit, 
sinka  deeper  down  as  these  processes  are  developed  (lachrymal 
groove) ;  it  now  becomes  grown  over  by  their  edges  bo  as  to  form  a 
canal,  which,  when  the  nasal  cavity  is  developed^  opens  into  it  just 
below  the  inferior  tarbinated  bones.  In  the  Reptilia  (Lacerta)  it 
opens  near  the  posterior  nares.  At  the  inner  angle  of  the  eye 
this  lachrymal  canal  is  divided  into  several  smaller  canals ;  there 
are  a  larger  number  (13-8}  of  snch  canals  on  the  lower  eyelid  of  the 
Crocodilinij  but  a  smaller  number  (2)  in  Birds  and  Mammals* 


AaditoFy  Organs, 

5  400, 

The  Auditory  Organ  of  the  Vertebrata,  which  has  bean  ob- 
served in  all,  except  the  Acrania,  is  derived  from  the  ectoderm. 
During  the  earliest  embryonic  period  it  is  laid  down  in  the  form  of 
a  thickening  above  the  myelencephalon,  which  extends  inwards.  A 
superficial  organ  of  this  kind,  which  must  have  carried  the  endings 
of  an  integumentary  nerve,  must  be  regarded  as  the  starting-point 
of  the  great  differentiation,  which  commences  so  early.  The 
earliest  rudiment  gives  rise  to  a  vesicle,  which  communicates  with 


Fi^*   305.    revclopment   of  tho  labjrintli   of  a   Fowl.    Tcrtical  BecfionB  of  tlie 
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the  exterior,  and  which  is  gradually  cut  off  (Fig,  300),  and  enclosed 
by  the  hinder  lateral  portion  of  the  cartilaginous  cranial  capsule, 
when  that  is  different iatedn,  The  primitive  otocyst  is  the  foundation 
of  a  complicated  cavitary  system,  in  the  walls  of  which  the  auditory 
nerve  is  connected  with  its  end-organs.  From  this  is  developed  the 
membranous  labyrinth.  The  smTounding  portions  of  the  skull  form 
the  cartilaginous,  or  osseous  labyrinth. 

The  simplest  condition  of  the  labyrinth  is  found  in  the  Cyclo- 
stomata.    In  the  Myxinoidea  a  tract,  which  remains  connected  at  two 
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points  with  the  primitive  vesicle,  is  differentiated  from  it,  and 
forma  a  seraicircolar  canal,  so  that  the  whole  labyrinth  has  a 
circular  form.  In  the  Petromyzontes  there  are  two  of  these  canals, 
each  of  which  commences  with  an  ampnlla-like  enlargement,  while 
the  rest  of  the  vesicle  of  the  labyrinth  forms  the  ''membranous 
vestibule;'^  in  this  there  is  a  special  diverticulam,  which  is  the 
rudiment  of  a  new  differentiation.  In  the  Gnathostomata  a  third 
canal  is  developed,  so  that  henceforward  three  semicircular  canals 
open  into  the  vestibule. 

When  the  vesicle  of  the  labyrinth  sinks  beneath  the  surface,  its 
stalk-like  basal  piece  remains  open  on  the  roof  of  the  skuUj  in  the 
Selachii,  and  swells  out  below  the  integument  iuto  a  saccus  endo- 
lymphaticus.  This  corresponds  to  the  recessns  lahyrinthi  (ductus 
endolymphaticas),  which  passes  up  as  far  as  the  roof  of  the  skull  in 
the  Teleostei,  and  may  undergo  various  metamorphoses.  One  of  these 
metamorphoses  has  been  regarded  as  leading  to  the  growth  of  this 
portion  into  a  tube  which  covers  the  brain  (Urodela),  or  extends  to 
the  base  of  it  (Auura).  In  the  Ophidii  and  Saurii  it  reaches  to  the 
roof  of  the  skull,  being  filled  in  tho  embryo  with  crystals  of  lime,  and 
widened  out.  In  Phyllodactylus  it  extends  beyond  the  skull,  and 
may  even  pass  into  the  cervical  region,  being  swollen  out  in  parts. 
The  connection  between  these  structures  and  the  primitive  stalk  of 
the  otocyst  is  denied,  so  that  the  recessus  labyrinthi  is  regardeil  as 
an  independent  structure.  Most  of  its  relationsj  however,  require  to 
be  more  carefnlly  investigated.  In  Birds  it  is  an  open  cavity  (r  /), 
for  a  shorfc  time  only ;  so,  too,  in  Mammals,  where  later  on  it  forma 
the  aqueductus  vesfcibuli.  The  vestibule  and  semicircular  canals  are 
very  large  in  all  Fishes ;  in  the  Selachii  and  Dipnoi  they  are  com- 
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pletely  surrounded  by  tho  walls  of  the  skull,  while  in  the  Teleostei 
the  median  portion  pi^ojects  freely  into  the  cranial  cavity  (Fig.  301). 
Of  the  three  semicircular  canals^  two — an  anterior  (e)  and  a  pos- 
terior one  {d) — are  placed  in  the  direction  of  two  planes,  which  cross 
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one  another  more  or  less  perpendicularly ;  the  third,  and  outer  one,  lies 
ill  a  more  horizontal  plane,  and  ia  provided  with  an  ampnlla  on  its 
posterior  limb.  The  two  vertical  canak  have  a  common  piece  (c) 
which  opens  into  the  vestibule,  and  ampullae  at  the  two  other  ends. 

Even  in  Fishes  the  vestibule  of  the  hibjrinth  is  divided  into 
several  portions*  Au  upper  one  is  directly  connected  with  the 
Bemicircular  canals  (utriculus,  alveus  communis),  and  with  the 
subjacent  sacculus.  The  sacculus  and  utriculus  contain  otoliths, 
which  are  constant  in  the  same,  but  different  for  different,  divisions ; 
they  are  often  very  large.  The  branches  of  the  auditory  nei*vo  pass 
into  the  end-organs  which  are  to  be  found  in  the  walls  of  both 
cavities,  as  well  as  in  the  ampullae  of  the  semicircular  canals;  in 
the  ampullar  they  are  placed  on  a  transverse  ridge  (crista  acustica)  ; 
in  the  saccules  they  form  the  macula3  acuBticae. 

Of  the  numerous  modific^T.tions  which  may  be  observed,  the 
connections  between  the  membranous  vestibule  and  the  air-bladder 
are  worthy  of  remark ;  the  arrangement  is  effected  in  various  ways ; 
it  ia  simplest  in  some  of  the  Percoidea,  aud  Sparoidea,  where  the 
vestibule  is  continued  into  spaces  in  the  skull,  which  are  merely 
covered  by  membrane ;  to  these  spaces  processes  of  the  air-bladder 
are  attached.  The  relations  are  more  complicated  in  many  families  of 
the  Physostorai.  In  the  Cyprinoids  the  sacculus  (a)  extends  back- 
vrards,  and  is  connected  with  that  of  the  other  side  by  a  sinus  impar. 
This  gives  off  a  membranous  saccule  (atrium  Binus  imparis)  on  either 
side,  which  passes  to  an  opening  on  the  posterior  portion  of  the 
skull,  which  is  partly  closed  by  a  small  bone*  This  ia  connected  by 
masses  of  ligament  with  a  series  of  bony  pieces  ( i  k  I)  of  various 
forms,  the  last  and  largest  of  which  is  attached  to  the  anterior  end 
of  the  air-bladder  (m).  These  ossicles  are  modifications  of  ribs,  and 
form  a  continuous  chain  between  the  vestibule  and  the  air-bladder. 
In  the  Siluroidea  and  Clupeidea  connections  with  the  air-bladder 
are  effected  in  a  different  manner. 


§  401. 

In  and  above  the  Amphibia,  the  labyrinth  is  greatly  diminished 
in  size  from  what  it  is  in  Fishes.  It  is  still  of  a  relatively  large 
size  iu  the  Amphibia,  and  is  smallest  in  the  Mammalia.  The  dif- 
ferences which  are  seen  in  it  are  partly  due  to  the  way  in  which  the 
two  cavities  of  the  vestibule,  the  utriculus  and  sacculus,  are  connected 
together,  and  to  the  course  taken  by  the  semicircular  canals  which 
spring  from  the  foniier.  The  posterior  canal  may  sometimes  be  set 
at  au  angle  to  the  external  one  (Birds). 

Thei-e  is  a  great  difference  between  the  portion  of  the  labyrinth, 
just  described,  and  which  is  very  similar  in  all  forms,  and  that  part 
which  is  ouly  developed  as  an  independent  stracture  in  the  higher 
divisions;  this,  which  is  known  in  Mammals  as  the  cochlea,  on 
account  of  its  form,  presents  a  continuous  series  of  differentiations 
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from  the  lower  divisions  upwards.  In  Fishes  there  is  an  indication 
of  it  in  the  form  of  a  diverticalum,  generally  a  small  one^  of  the 
sacculus.  In  the  Selachii  it  contains  a  number  of  small  otoliths; 
in  the  Teleostei  one  larger  one  (asteriscus).  In  the  Amphibia  this 
diverticulum  of  the  sacculus  is  more  independent^  but  it  is  still 
connected  as  before,  and  is  still  directed  backwards. 

This  portion,  which  carries  the  end  of  a  branch  of  the  auditory 
nerve,  is  still  further  differentiated  in  the  Beptilia  and  Aves,  where 
the  diverticulum,  which  forms  it  (Fig.  800,  G  D  E  c),  is  a  short 
conical  piece,  which  is  directed  downwards  from  the  median  wall  of 
the  labyrinth,  and  converges  towards  its  fellow  of  the  opposite  side. 
Its  end  is  somewhat  bent,  and  it  forms  the  "lagena."  Among 
Mammals  this  stage  of  the  organ  is  seen  in  the  Monotremata  only ; 
in  the  rest  this  stage  is  not  the  permanent  one,  for  the  organ  is 
converted  into  a  spirally-coiled  canal.  At  first  it  is  only  formed  by 
a  prolongation  of  the  sacculus,  but  special  differentiations  appear  in 
it,  and  this  cochlear  canal,  which  is  formed  from  the  sacculus,  is 
permanently  connected  with  it  by  a  narrower  portion  only  (canalis 
reunions.  Fig.  802).  The  organ,  which  thus  becomes  more  indepen- 
dent, is   sur- 

^      rounded      on 

two   sides  of 

its  course  by 

lymphatic  ca- 

^-"^    W  ^^^  ""^^y  *---^J>'\-''^<^::ii^      ^-^       vities,    which 

accompany  it 
in  its  coils, 
and  pass  into 
one  another 
at  the  apex 
of  the  cochlea. 
One  cavity 
is  connected 
with  the  os- 
seous vesti- 
bule, the  other 
is  shut  off 
from  it  at 
its  commence- 
ment, and  is 
only  con- 
nected    with 

the  cavity  of  the  vestibule  indirectly;  that  is  by  the  communication 
at  the  apex  of  the  cochlea.  Three  cavities,  therefore,  can  be  dis- 
tinguished in  the  Mammalian  cochlea;  but  one  only,  the  ductus 
cochlearis,  is  connected  with  the  vestibular  labyrinth.  The  other 
two  form  the  scales — the  sc.  vestibuli  and  sc.  tympani.  The  two 
scales  occupy  the  periphery  of  the  coils  of  the  ductus  cochlearis, 
at  the  base  of  which  the  end-organs  of  the  cochlear  nerves  (organ 
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Fig.  302.  Diagrams  in  explanation  of  the  labyrinth.  /  Fish. 
7/  Bird.  J//  Mammal.  U  Utricnlns.  8  Sacculas.  US  Utriculaa 
and  Saconlas.  Cr  Canalis  reoniens.  R  Reoessus  labyrinth!. 
170  Commencement  of  the  cochlea.  C  Cochlea.  L  Lagena. 
K  Cecal  sac  at  apex.  C  Cseoal  sac  of  the  vestibalnm  of  the 
cochlear  canal  (after  Waldeyer). 


AUDITORY  or.GAXS   OF  YERTEBRATA.  537 

of  Corti)  are  spread  out.  As  the  scala  arise  as  spaces  in  the  tissue 
which  accompanies  the  ductus  cochlearis,  they  are  similar  to  the 
cavities  between  the  membranous  semicircular  canals  and  their 
bony  wall,  or  between  the  membranous  and  osseous  vestibules,  and 
are  filled  with  perilypiph. 

In  the  Amphibia,  and  all  higher  forms,  spaces  appear  in  that  part 
of  the  walls  of  the  bony  labyrinth  which  lies  on  the  outer  surface  of 
the  cranium  j  these  in  a  different  fashion  effect  a  communication 
between  it  and  other  arrangements  that  are  connected  with  the 
auditory  organ »  The  fenestra  ovalis,  which  is  always  closed  by  a 
plate-like  piece  of  bone,  is  a  hole  of  this  kind  in  the  osseous  vesti- 
bule. A  second  opening,  which  appears  first  in  Reptiles,  and  which  is 
correlated  with  the  further  development  of  the  cochlea  (fenestra 
rotunda),  lies  in  the  wall  of  the  scala  tympani,  and  is  closed  by  a 
membrane. 

Both  these  arrangements  are  related  to  the  development  of 
external  conducting  organs, 

RfiTZTUB,  G,,  Anatom.  UntGranch.   L  Slockholm^  1S72.— Hasss,  0.»  Anatomische 
Studien.     Leipzig,  1870-73. 


§   402. 

Other  parts  are  gradually  added  on,  as  accessory  organs,  to 
the  auditory  organ,  although  primitively  haviug  no  relation  to 
it.  The  first  branchial  cleft^  which  in  the  Selachii  and  Ganoldei 
persists  as  tlie  "  spiracle,^'  enters  into  close  relation  with  the 
wall  of  the  labyrinth  in  the  Amphibia.  As  it  grows  over  this 
wall  it  is  converted  into  a  cavity,  the  wider  portion  of  which  forms 
the  tympanic  cavity;  this  is  bounded  in  the  middle  line  by 
the  wall  of  the  labyrinth;  the  portion  which  leads  into  the  primi- 
tive buccal  cavity  forms  the  Eustachian  tube.  It  reminds  us 
of  its  primitive  (spiracular)  condition  by  at  first  communicating 
freely  with  the  exterior.  The  cleft  is,  however,  soon  closed, 
which  leads  to  different  arrangements.  In  the  Coecilia3  and  Urodela 
the  cleft  is  closed  by  the  superjacent  muscles,  so  that  there  is  no 
tympanic  cavity*  One  division  of  the  Annra  (Pelobatidie)  presents 
the  same  arrangement,  for  in  it  there  are  only  slight  indications  of 
the  outgrowth  of  the  mucous  membrane  of  the  phar^\Tix  into  this  cleft. 
In  most  Annra,  however,  that  membrane  does  form  an  ootgrowth, 
and  leads  into  a  tympanic  cavity,  which  is  closed  externally  by  a 
tympanic  membrane.  Among  the  Reptilia,  the  Ophidii,  and 
Ampbisbsenoidea  have  no  tympanic  cavity ;  in  Chamijeleo  there  is 
no  tympanic  membrane ;  but  both  these  parts  are  present  in  all 
other  Reptiles,  and  in  Birds, 

In  the  Crocodilini  and  Aves,  the  inner  openings  of  the  Eustachian 
tubes  are  nnited  into  a  common  canalj  as  is  the  case  also  in  Pipa 
among  the  Amphibia. 

Those  parts  of  the  visceral  skeleton  which  are  connected  with  the 
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bony  labyrmtli,  unite  to  form  tbe  apparatus  of  the  an  di tory  ossi  cl  es j 
the  homologies  of  which  have  not  yet  been  definitely  made  out  for 
the  different  classes.  The  first  portion  is  formed  by  nn  ossicle 
(operculum)  which  closes  the  fenestra  ovalis ;  in  the  Urodela  this  is 
either  tlatj  or  provided  with  a  stalk -like  process.  Sometimes  it  is 
cartilaginoua  and  its  stalk  ossified  (Siredon)  ;  sometimes  the  reverse 
is  the  case  (Menopoma),  In  the  Ca3cilia3  they  are  both  ossified. 
The  same  arrangeniont  obtains  in  the  OphiJii  (Eurystomata),  where 
a  small  piece  of  bone  (columella)  reaches  to  the  quadrate. 

When  there  is  a  tympanic  membrane  present  the  columella  is 
connected  with  it;  for  its  cartilaginous  end^,  whicli  has  often  a 
peculiar  form  given  to  it  by  processes^  sinks  into  that  membrane. 
The  lining  tissue  of  the  tympanic  cavity  then  surrounds  part  of  the 
eolnmelkj  and  causes  this  bone  to  appear  to  be  more  or  less  placed 
in  the  tympanic  cavity.  These  ari-angemonts  are  first  seen  in  the 
Anum,  and  are  still  further  developed  in  the  Saurii,  Chelonii,  Cro- 
codilioij  and  Aves.  The  process  of  the  columella  is  in  some  Birds 
(Dromieus)  connected  with  its  plate  by  two  hmbs ;  in  other  cases  it 
is  simple,  or  is  connected  with  the  plate  by  one  enlargement  only. 

Just  the  same  relations  are  seen  to  obtain  m  the  columella  of  the 
Mammalia  ;  with  this  modification^  however,  that  it  is  never  directly 
attached  to  the  tympanic  membrane.  It  is  converted  into  the  stapes, 
the  form  of  which,  in  the  Monotremata  and  many  Marsupials,  calls 
to  mind  the  columella.  In  the  monodelphous  Mammalia  it  is 
ordinarily  divided  into  two  limbs,  which  carry  the  plate.  The 
other  auditory  ossicles  are  the  incus,  which  is  connected  with  the 
stapes,  and  the  malleus,  which  is  attached  to  the  tympanic  mem- 
brane by  a  Btyhform  process.  A  connection  between  the  tympanum 
and  the  fenestra  ovalis,  which  was  previously  effected  by  a  single 
bone — by  the  columella  alone — is  now  effected  by  it,  and  two  other 
bone.s.  This  "  chain  ^^  of  auditory  ossicles  is,  for  the  most  part,  at 
any  rate,  placed  in  the  tympanic  cavity,  for  it  is  covered  by  the 
mucous  membrane  which  is  continued  into  that  cavity  from  the 
pharynx,  through  the  Eustachian  tube.  The  tympanic  cavity  itself 
has,  however,  another  relation,  for  it  is  principally  formed  by  the 
tynapanic  bone,  in  addition  to  the  boundaries  provided  by  the  wall  of 
the  labyrinth ;  this  tympanic  bone  commences  as  the  framework  of 
the  tympaoura. 

§  403. 

The  external  ear  is  derived  from  a  prolongation  of  the  edges 
of  the  first  branchial  cleft.  In  the  Amphibia,  Keptilia,  and  Aves, 
these  parts  are  either  altogether  absent,  or  are  only  present  in 
individual  cases,  where  they  have  been  developed  in  consequence  of 
various  kinds  of  adaptive  changes.  Thus,  in  the  Crocodilini  a  fold 
of  the  integument  forms  an  operculum  above  the  tympanic  mem- 
brane, and  in  the  Owls  there  is  a  movable  membranous  valve. 
As  early  as  the  Saurii  the  tympanic  membrane  is  removed 
some  way   from  the  surface^   so  that  there  is  a  shoi't  "extei*nal 


ALBIENTARY  CANAL  OF  VERTEBRATA. 


539 


auditory  meatns/^     The  external  auditory  meatus  in  the  Mammalia 

is  different^  for  its  deeper  portion  is  formed 

by    the    tympanic    bone.      The    external 

ear,  the  cartilaginous  support  of  which  is 

continuous  with  a  narrow  auditory  meatus, 

is  attached  to  this.     There  is  no  external 

ear  in  the  Monotremata.  The  "external  ear" 

may  be  much  modified,  either  in  form,  or 

in  its  relations  to  the  muscular  apparatus, 

which  moves  it.    In  addition  to  the  muscles, 

which  move  the  whole  of  the  external  ear, 

and  which  are  sometimes  of  much  power  even 

in  Man,  there  are  others  which  are  placed 

in  the  cartilage  of  the  ear  itself ;  these  are 

partly  represented,  though  of  course  as  rudi-  ^ 

mentary  organs,  in  the  human  ear.     This 

external  ear  is  still  more  atrophied  in  aquatic 

Mammalia.     Reduced  in  Otaria,  it  is  alto-  ''  li 

gether  absent  in  the  rest  of  the  Pinnipedia, 

as  it  is  also  in  the  Sirenia  and  Cetacea. 


Alimentary  Canal 

§404. 

The  alimentary  or  enteric  canal  of  the 
Vertebrata  forms  a  tube,  which  runs  be- 
low the  axial  skeleton,  and  in  which  two 
chief  portions  can  be  distinguished  mor- 
phologically, as  well  as  physiologically, 
at  a  very  early  epoch.  The  most  anterior 
portion  is  directly  connected  with  the 
body-wall,  and,  as  it  is  perforated  by 
branchial  slits,  it  functions  as  a  respira- 
tory organ,  for  respiratory  apparatuses  are 
developed  in  the  vascular  arches  between 
the  clefts.  This  portion  does  not,  therefore, 
belong  exclusively  to  the  digestive  organs, 
although  it  is  used  in  the  ingestion  of  food. 
It  forms  the  respiratory  cavity,  at  the 
end  of  which  the  nutrient  canal,  in  the 
strict  sense,  commences ;  this  is  separated 
from  the  body-wall  by  the  pleuro-peritoneal 
cavity.  The  Vertebrata  have  these 
two  portions  of  the  enteric  tube  in 
common  with  the  Tunicata.  In  the 
Acrania  the  respiratory  chamber  of  the 
enteric  tube  occupies  a  very  large  portion, 
which,  as  in  the  Ascidiaa,  represents  a  large 


Fig.  SOS.  Amphiozas 
lancoolaius  (x2^). 
a  Moathyimrroiindedbj  cirri. 
b  Adds,  c  Abdominal  pore. 
d  Branohial  sac.  e  Gairtrio 
portion  of  the  enteron. 
/  CsBcam.  g  Hind-gnt. 
h  Ccelom.  t  Notochord,  be- 
low which  is  the  aorta,  which 
accompanies  it  for  nearly 
its  whole  length,  k  Aortic 
archefl.  I  Aortic  heart, 
in  Enlargements  of  the 
branchial  arteries,  n  Heart 
of  the  vena  cava,  o  Heart 
of  the  portal  vein  (after 
Qoatrefaget). 
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part  of  the  body.  This  space  is  gradually  reduced  in  size  in  th© 
Craiiiota ;  it  still,  however,  retains  its  respiratory  function,  but 
many  other  organs  are  also  differentiated  in  it ;  these  are,  largely, 
accessory  organs  for  the  ingestion  of  food, 


Respiratory  Ante-chamber  (Cephalic  enteron). 

§405. 

In  Amphioxus  this  portion  is  bounded,  in  its  naost  anterior 
region,  which  is  close  to  the  cavity  which  carries  the  mouth,  by  a 
ciliated  apparatus^  there  are  a  number  of  movable  processes  also 
at  that  point,  which  are  directed  towards  the  lumen  of  the  tube, 
and  BO  prevent  the  entrance  of  foreign  bodies.  The  ante-chamber 
(Fig.  303,  d)j  which  occupies  about  two-fifths  of  the  whole  length 
of  the  body,  has  its  walls  broken  through  by  a  large  number  of 
obliquely-set  clefts ;  these  form  a  complicated  framework,  the  sup- 
ports of  which  have  been  already  {§  353)  mentioned.  The  water, 
which  is  taken  in  by  the  mouth  (a),  passes  through  the  clefts,  and  so 
to  the  exterior.  Bat  as  two  lateml  dermal  folds  are  gradually  con- 
tinued ventrally  over  the  surfaces  on  which  the  clefts  are  placed,  and 
become  united  below,  a  peribranchial  cavity  is  formed,  which  opens 
by  a  special  pore  (c).  It  Blionld  here  be  remembered  that  there  waa 
something  similar  to  this  in  the  Ascidiaa  {§  310).  But  it  would  not 
be  correct  to  suppose  that  the  two  structures  are  morphologically 
identical.  A  vascular  plexus  is  distributed  in  the  walls  of  the  clefts, 
the  water  that  streams  past  effects  rospiratiou,  the  clefts  function  as 
branchial  clefts,  and  the  whole  cavity  represents  functionally  a 
branchial  cavity. 

There  are  many  special  points  in  this  arrangement  in  Amphioxus, 
such  as  the  want  of  symmetry  in  the  branchial  frame,  and  its  inde- 


T\g.  304    Vertieal  median  Bectiou  of  a  InrTft  of  Potromyzon.    o  Moulli.  v  Velum, 

h  Hypobraticliial  groove,      n  Bpioal  chord*      ch  Notochoid.       a  Otocj^t.       c  Heart 

(after  a  drawing  hj  Calberln). 


pendence  of  the  metamerism  of  the  body;  so  that  there  is  altogether 
a  great  difference  between  this  apparatus  and  that  of  the  Craniota, 


BRANCHLE  OF  VERTEBR.\TA, 


MI 


The  region  of  the  body  which  is  occupied  by  the  branchial  cavity 

corresponoa  to  a  head,  for  the  nerves  which  go  to  it  arise  from  the 
myt4encephaIoii  in  the  Cmiiiata.  Viewed  thus  the  bi-anchial  cavity 
represents  a  cephalic  enterou.  Its  nntrient  and  respiratory  sig^nifi* 
cance  ia  tho  cause  of  various  differentiations  in  it,  which  are  partly 
armngements  whicli  are  peculiar  to  the  Ycrtebrata,  and  partly 
arrangements  which  have  been  inherited  from  a  lower  condition.  In 
addition  to  the  branchiul  clefts,  the  ventral  groove  (hypobranchial 
groove) J  which  is  developed  on  the  ventral  surface  of  the  branchial 
cavity,  belongs  to  the  latter  series;  this  has  just  the  same  relations 
as  in  the  Tunicata  (cf ,  p,  402)  j  it  is  found  in  the  larvte  of  the 
Petromyzontes,  where  it  forms  a  grooved  depression,  enclosed  by 
ridge-like  edges  (Fig.  30i,  A).     In  Amphioxus  this  structure  is  also 

? resent.  Its  presence  in  various  stages  of  metamorphosis  in  all 
iraniotainot  only  brings  these  forms  into  closer  connection,  but  is  an 
indication  of  their  genetic  relations  to  tho  Tunicata^  which  must  not 
be  forgotten  (cf,  §  41G), 


Branchiao. 

§  406. 

In  the  Craniota  the  branchial  clefts  are  universally  much  rodoced 
in  number,  as  are  also,  in  CLvrrespondence  with  this,  the  arches  of  the 
l»ranchial  skeleton.  This  phenomenon  must  be  regarded  as  the 
degeneration  of  a  primitively  larger  number  of  these  struc- 
tures, such  as  is  found  in  Amphioxus;  it  is  compensated  for 
by  the  increased  size  of  the  surfaces  which  carry  tho 
respiratory  vascular  plexus.  This  increase  in  size  is  implied  by 
the  development  of  the  gills,  whereby  the  blood-vessels,  which,  in 
the  Acrania,  are  distributed  over  a  large  number  of  arches,  are 
limited  to  a  less  extensive  region,  and  are  therefore  arranged  on  a 
smaller  number  of  arches.  The  essential  point  in  the  formation 
of  branchiro  in  these  animals  is  the  increase  of  the  surface  which 
is  directed  towards  the  respired  medium,  and  this  increase  may  be 
effected  by  means  either  of  lamellae  or  of  cylindrical  processes. 
The  branchial  arches  are  provided  with  varions  forms  of  these 
organ8,which  enclose  the  well -developed  respiratory  vascular  network. 
We  find  that  in  the  Cyclostomata  these  organs  have  special  characters, 
which  have  but  little  resemblance  to  what  is  found  in  Amphioxus ; 
their  earliest  condition  is  most  like  what  is  seen  in  the  Gnatho- 
stomata,  for  the  branchial  clefts  are  simply  spaces  in  the  body-wall 
(Fig.  304).  They  are  differentiated  into  tubes,  the  median  portion 
of  which  has  its  lumen  widened,  and  forms  a  branchial  pouch 
(Fig,  305,  br).  Branchial  lamelhe  are  raised  up  from  the  wall  of 
the  branchial  pouches  in  the  form  of  leaf -like  folds,  in  which  the 
respiratory  vascular  plexus  is  spread  out.  Each  branchial  pouch 
is  connected,  by  an  "internal   branchial  duct,"  witb  the  anterior 


542 


COMPAKATrV'E  AJ^ATOMT. 


section  of  the  enteric  tube.  An  external  bmneliial  duct  (br)  leads  to 
the  exterior.  There  are  several  variations  in  the  characters  of  the  two 
canala  which  spring  from  each  branchial  pouch.  The  inner  ones  either 
open  each  sepamtely  into  the  digestive  tube  (Bdelloatoma,  Myxine) 

(Fig.  305),  or  they  all  unite  into  a  median 
respiratory  tube  which  runs  below  the  diges- 
tive tube,  and  being  connected  in  front  with 
the  digestive  tube  carries  water  to  each  nf 
the  branchial  pouches  (Petromyzon).  The 
external  branchial  ducts  either  open  sepa- 
rately on  the  sides  of  the  body  (BdeHo- 
stoma^  Petromyzon),  or  all  the  ducts  of  one 
side  are  united  into  a  branchial  pore  («f) 
which  lies  behind  the  branchial  appai'atus ; 
on  the  left  side  a  special  canal  (c),  which 
conies  from  the  oesophagus  (ductus  oeso- 
phago-cutaneua),  also  opens  into  the  same 
pore  {Mjxine).  These  different  forms  may 
bo  derived  from  one  another;  in  the  case 
both  of  the  inner  and  the  outer  branchial 
ducts  that  condition  should  bo  regarded  as 
the  primitive  one,  in  which  there  is  a  direct 
connection  between  the  respiratory  chamber 
and  the  surface ;  while^  on  the  other  hand, 
the  formation  of  the  respiratory  tube, 
and  the  union  of  tho  external  branchial 
ducts,  is  the  result  of  a  subsequent  differ- 
entiation. 


Fig*  305.  RospLratoiy  organ 
of  Myxine  glntinosap 
Bcen  from  tbo  ventral  Bur. 
face*  o  CEBophagusL  i  In, 
ner  branchial  ^not s.  hr  Brnn  - 
thiftl  poDchca*  hr'  External 
brancbial  ducts,  which  unite 
i>n  either  eide  into  &  common 
branchial  duct,  which  o|>ena 
at  s,  c  Ductus  €C80phago- 
cut^neuB.  a  Annole.  v  Ven- 
tricle. o?>  Brancbial  artery  I 
^ving^  off  a  bmncb  to  each 
gUL  d  Lateral  wall  of  the 
body  turned  outward  a  »nd 
backwardfl  (after  Joh. 
Muller). 


§   407. 


In  Fiahesi  tho  branchial  pouches  are 
more  closely  related  to  the  skeleton.  The 
phBBuomena  Keen  in  them  lead  to  the  con- 
clusion that  each  arch  of  the  primitive 
branchial  skeleton  carried  gills,  Tne  upper 
part  of  the  first  (mandibular)  arch  is  not 
excluded  from  this;  as  is  clear  from  the 
frequent  presence  of  a  gill  in  the  opening, 
which  is  found  in  many  Selachii— the  so- 
called  spiracular  cleft — between  tho  first 
and  second  a  relies  (mandibular  and  hyoid 
arches).  The  spiracular  canal,  which  repre- 
sents a  degenerate  branchial  poucb,  is  suc- 
ceeded by  the  true  branchial  pouches,  of 
which  there  are,  as  a  rule,  five ;  and  rarely  six  or  seven  (Notidani). 
The  wall  of  the  first  pouch  is  supported  in  front  by  the  hyoid  arch, 
and  behind  by  the  first  (i.e.  by  the  third  primitive)  branchial  arch  ; 
tho  other  pouches  have  just  the  same  characters.  In  each  of  them 
a  septum  {»),  supported  by  cartilaginous  rays,  extends  outwards  fi-om 
the  internal  branchial  skeleton,  and  Fcryes  as  the  posterior  wall  of  tlie 
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pQuch  in  front,  and  the  anterior  wall  of  the  one  behind.  While  the 
pouches  communicate  with  the  pharyngeal  cavity  by  narrow  orifices, 
which  are  bounded  by  the  cartilaginous  branchial  arches,  they  also 
open  on  the  side  (or  in  Bays,  on  the  ventral  surface)  of  the  body  by 
just  as  man^  clefts.  Bows  of  branchial  lamellsB  lie  in  the  walls  of 
the  branchial  pouches;  in  the  embryonic  condition  these  lamella) 
develop  filamentous  prolongations,  which  form  the  external  gills. 
These  are  also  founa  on  the  spiracular  cleft.  The  anterior  wall 
only  of  the  last  branchial  pouch  is  provided  with  a  gill  (Pig.  306,  A). 

Prom  this  arrangement  we  may  derive  what  we  find  in  the 
Gano'idei,  and  from  that  what  we  find  in  the  Teleostei.  The  spiracular 
gill,  which  has  no  respiratory  function  in  the  adult  state  of  the 
Selachii,  is  the  first 
to      undergo     the  A 

greatest  degenera- 
tions. In  some 
Gano'idei,  which 
possess  a  spiracle 
(e.g.  Acipenser), 
the  gill  is  con- 
verted into  a 
Pseudobranchia 
(a  gill  which  has 
lost  its  proper 
branchial  artery 
and  vein) ;  this  is 
not  found  in  Polj- 
pterus  nor  Amia. 
In  the  Osseous 
Pishes  it  also  ap- 
pears to  be  wanting, 
or  has  lost  all  re- 
semblance to  a  gill. 

The  anterior 
series  of  branchial  lamellaa  of  the  Selachii,  that,  namely,  which  is 
attached  to  the  posterior  face  of  the  hyoid  arch,  is  also  found  among 
the  Ganoidei,  where  it  forms  a  respiratory  opercular  gill  (Acipenser, 
Lepidosteus).  It  is  found  also  during  the  embryonic  stages  of  the 
Teleostei,  but  it  does  not  persist.  It  sometimes  consists  of  a  short 
row  of  lamellaa,  which  is  attached  to  the  operculum ;  sometimes  it 
is  carried  to  the  base  of  the  skull,  and  sometimes  it  is  hidden 
below  the  mucous  membrane.  Even  when  in  this  condition,  rudi- 
mentary cartilaginous  rods  may  be  found  in  it.  When  still  more 
degenerated,  it  forms  a  glandular  structure,  which  is  made  up  of 
several  lobules  (Bsox). 

When  all  trace  of  the  external  branchial  skeleton  disappears, 
the  septum  which  arises  from  each  of  the  inner  branchial  arches 
disappears  also,  or  is  reduced  to  a  slender  fringe.  Owing  to  this, 
the  rows  of  branchial  lamellse  in  the  GanoYdei  and  Teleostei  come 
into  close  relation  with  their  respective  branchial  arches,  and  are 


Fig.  806.  Hoiuontal  section  throngh  the  branchial  caritj. 

il  Of  Scy Ilium.    BOfBarbns.    The  floor  of  this  cavity 

is  shown.      {  Tongno.     oe  (Esophagus,     a  Septa  of  the 

branchial  poaches,    h  Gills,    op  Operoalom. 
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consequently  placed  in  two  rows  on  each  arch  as  it  passes  between 
two  branchial  pouches  (Pig.  306,  B  b).  The  anterior  row  of  branchial 
lamcUas  in  a  Teleostean  or  a  Ganoid  corresponds,  therefore,  to  the 
gill  on  the  hinder  wall  of  the  branchial  pouch  of  a  Selachian,  and  the 
hinder  row  of  lamellae  in  a  Teleostean  gUl  corresponds  to  the  anterior 
gill  in  the  branchial  pouch  of  a  Selachian. 

These  relations  are  shown  in  the  following  diagi'am,  in  which  6 
is  the  indifferent  stage  of  the  rows  of  branchial  lamellsB,  B  is  the 
differentiated  arrangement  in  the  various  divisions.  ^  represents  any 
row  of  branchial  lamellaa,  which  is  specially  modified  or  reduced  : 

Selachii:  /3       B*  B'  m  B*  B^ 

Gsnotdei  /Sbbbbbbbbb 

(Storio,  LepidoetfOns)  ^-— ^^^         ^««*^^^         s.^v^^         *— ^-*»-» 

and  Teleostei :        —   /S'  JB«  B»  B^  B* 

By  the  degeneration  of  the  septa  between  the  branchial  pouches, 
the  whole  gill  apparatus  is  made  more  compact,  and  no  longer 
therefore  extends  back  into  the  region  of  the  trunk,  as  it  does  in  the 
Selachii;  it  is  confined  to  the  base  of  the  skull.  Whilst  in  the 
Selachii  the  projecting  septum  {A  s)  forms  an  organ  of  protection 
for  the  succeeding  branchial  pouch,  a  similar  organ  is  formed  in 
the  ChimesrsB,  Gttnotdei,  and  Teleostei,  from  a  single  arch — namely, 
from  the  hyoid ;  the  integument  on  this  arch  grows  backwards  and 
covers  all  the  gills,  and  is  developed,  in  the  GanoXdei  and  Teleostei, 
into  the  opercular  apparatus  and  the  branchiostegal  membrane,  with 
their  various  skeletal  pieces  (§  354)  {B  op). 

§  408. 

In  the  Teleostei  four  arches  are  ordinarily  beset  with  branchial 
lamellsB,  the  fourth  arch  having  a  single  row  only,  or  there  are  but 
three  arches  which  carry  lamellsB.  When  the  lamellsB  of  the  fourth 
arch,  and  the  posterior  row  on  the  third  arch  disappear,  the  fourth 
branchial  cleft  is  ordinarily  closed.  Perhaps  one  of  the  most  im- 
portant of  the  modifications  which  affect  the  lamellae  themselves  is 
seen  in  the  villous  gills  of  the  Lophobranchiata.  In  some  divisions  of 
the  Teleostei,  the  branchial  arches  seem  to  be  so  metamorphosed  as 
to  be  able  to  retain  the  water  in  the  branchial  apparatus.  The 
organs  of  the  Labyrinthobranchiata  are  of  this  kind;  separate 
branchial  arches  or  parts  of  such,  are  modified  to  form  coiled  lamella- 
like processes,  which  give  rise  to  a  portion  which  is  placed  above  the 
gills  (Anabas,  Polyacanthus).  Another  apparatus,  which  is  found  in 
various  ClupeidaB,  consists  of  a  spirally-coiled  tube  (branchial  coil), 
which  is  formed  by  a  diverticulum  of  the  superior  pharyngeal  mucous 
membrane.  This  tube  is  generally  connected  with  the  superior 
segment  of  the  fourth  branchial  arch,  and  has  processes  of  its 
skeletal  parts  in  its  walls  (Heterotis,  Lutodeira,  Meletta,  etc.).     The 
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arborescent  processes  of  the  branchial  arches^  which  are  placed 
in  special  prolongations  of  the  branchial  cavity,  where  they  support 
a  respiratory  vascular  plexus,  also  belong  to  this  series  (Hetero- 
branchus,  Clarias). 

Diverticula  of  its  investing  mucous  membrane  have  the  same 
respiratory  function  as  the  cavity  itself.  Thus,  in  Saccobranchus,  a 
long  tube  extends  from  the  branchial  cavity,  on  either  side,  as  far 
as  the  lateral  trunk  muscles ;  in  Amphipnous  there  is  a  similar  sac 
behind  the  head,  which  opens  just  above  the  first  branchial  cleft. 
Both  these  organs  contain  respiratory  vascular  plexuses. 

§  409. 

External  gills  in  the  form  of  integumentary  structures  were  not 
primitively  possessed  by  the  Vortebrata,  for  the  so-called  external 
gills  of  the  Selachian  embryo  are  nothing  more  than  filaments  of  the 
internal  gills  which  protrude  through  the  branchial  cleft.  Gills,  how- 
ever, may  come  to  the  surface,  and  take  the  form  of  tegumentaiy  pro- 
cesses; such  gills  may  be  seen  in  the  young  stages  of  Polypterus;  cer- 
tain gills  of  rrotopterus,  and  the  gills  of  the  Amphibia  generally  are 
of  this  character.  In  the  Amphibia  the  gills  have  the  appearance 
of  two  or  three  pairs  of  branched  processes,  which  spring  from  as 
many  branchial  arches.  In  the  Perennibranchiata  this  apparatus  is 
permanently  functional.  In  the  rest  of  the  Amphibia  (Caducibran- 
chiata)  these  external  gills  disappear ;  in  the  Anourous  forms,  where 
they  are  found  for  a  short  time  only,  they  are  replaced  by  shorter 
internal  gills.  A  membrane  which  grows  from  before  backwards 
covers  the  gills,  so  that  there  is  only  one  efferent  orifice.  The 
orifices  on  either  side  may  continue  to  grow  out,  and  get  nearer  to 
one  another,  so  as  to  unite  into  a  single  ventral  orifice. 

When  the  larval  stage  ceases,  the  inner  and  outer  gills  of  the 
Derotremata  and  Salamander  are  atrophied;  in  the  latter,  as  in 
the  Anura,  the  branchial  clefts  are  completely  closed,  but  in  the 
Derotremata  a  cleft  is  left  on  either  side. 

When  the  gills  disappear,  the  branchial  cavity,  which  constitutes 
the  respiratory  antechamber,  is  converted  into  the  primitive  buccal 
cavity,  which  is  limited  by  essentially  the  same  parts  as  it  was 
before. 


Branchial  Clefts,  and  Palate  of  the  Amniota. 

§  410. 

In  the  Amniota,  also,  the  arrangement  which  has  been  trans- 
mitted from  their  branchiferous  ancestors  is  retained  during  certain 
stages  of  embryonic  life,  in  the  form  of  clefts  in  the  wall  of  the 
pharynx.  These  branchial  or  visceral  clefts  are  never  more 
than  four  in  number,  and  they  appear  in  such  a  way  from  before 
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backwards,  that  when  tho  last  has  appeared  ihe  anterior  ones  have 
ah^oady  undergone  certain  changes.  They  are  all  gradaally 
atrophiecl,  and  completely  disappear,  except  the  first,  part  of  which 
is  converted  into  the  middle  and  outer  ear  (cf.  snpra,  §  402). 

The  degeneration  of  the  emhryonic  branchial  clefts  is  an  impor- 
tant point  of  difference  between  the  Amniota  and  the  Anamnia,  but, 
in  addition  to  this,  there  is  a  new  peculiarity  which  is  due  to  a 
differentiation  of  the  primitive  buccal  cavity-  This  lea,ds  to  tho 
formation  of  the  secondary  nasal  cavity,  and  of  tho  secondary 
buccal  cavity.  The  remnant  of  the  primitive  buccal  cavity,  which 
lies  behind,  and  m  not  affected  by  this  process,  forms  the  Pharynx. 
The  cartilaginous  portion  of  the  etlimoid,  which  separates  the  two 
nasal  cavities,  and  is  broaci  in  the  Amphibia,  is  developed  in  the 
Amniota  into  a  thin  verticxd  himella  (Fig.  807,  e) — the  iiitemasal 
septum.  It  remains  partly  cartilaginous,  and  is  partly  converted  into, 
and  develops  bony  structures,  which  were 
treated  of  under  the  cephalic  skeleton, 

A  second  change  is  brought  about  by  hori- 
zontal ridges  or  processes,  which  are  given  ofE 
from  the  maxillary  process  of  the  first  arch, 
and  which  gradnally  form  a  plate  (Fig.  307, 2>), 
the  palate,  which  divides  the  primitive  buccal 
cavity  into  two  compartments.  This  plate 
forms  the  floor  of  the  uppet*,  or  nasal  cavity  (ji), 
and  the  roof  of  the  lower  one  (/m).  When  the 
intemasal  septum  reaches  this  palatine  plate 
it  separates  the  nasal  cavity  into  two  por- 
tions, into  each  of  which  the  nasal  canal 
now  op  ens  J  while  its  external  orifice  is  coin- 
cident with  that  of  the  bifid  nasal  cavity.  The 
posterior  orifices  of  the  nasal  cavity,  the  choana?,  which  are 
separated  by  the  palatine  plate  from  the  buccal  cavity,  and  by 
the  vertical  intemasal  wall  from  one  another,  open  into  the 
pharynx. 

Very  various  stnges  in  the  arrangement  of  these  palatine  plates 
may  bo  obsei-ved.  In  the  Ophidii,  8anrii,  and  Aves,  the  process  of 
separation  is  less  complete,  the  posterior  nares  form  a  longitudinal 
cleft,  owing  to  the  palatine  processes  uniting  anteriorly,  hut  being 
separated  from  one  another  posteriorly.  They  are  sometimes 
separate  in  Birds,  in  which  case  they  are  exceedingly  small.  In  the 
Crocodilini  they  are  placed  farther  back  than  in  any  other  forms, 
while  in  the  Mammalia  they  do  not  open  into  the  secondary  buccal 
cavity,  but  into  the  pharynx.  This  latter  region  is  thereby — as  also 
by  the  opening  into  it  of  the  Eostachian  tube,  which  is  developed 
from  tho  first  visceral  cleft — shown  to  be  a  portion  of  the  primitive 
resp  i ra  t  r jry  an  tech amb  e r , 

In  Keptiles  and  Birds  the  palate  is  supported  by  pieces  of  the 
Skeleton  (vide  supra) ;  in  Mammals  the  hinder  portion  is  formed 
of  soft  parts,  which  form  the  "  velum  palatinum/^ 


Fig.  307*  Diagram  of 
tlio  differentiation  of  tlio 
primitive  bnccal  cavity 
ioto  tiasal  cavities  {nn), 
and  a  seconclnry  bucsial 
cjavity  {m).  p  Palatine 
X>late.   c  InievjiBaaA  wall. 
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Nasal  Cavity. 
§41L 

While  the  nasnl  cavities  are  increased  in  lengthy  owing  to  tlieir 
bein^  shut  off  from  the  buccal  cavity  by  the  palate,  the  increase  in 
the  size  of  the  facial  portion  of  tho  head  also  affects  them  ;  they 
increase  both  in  length  and  height,  and  thus  become  large  spaces. 
The  olfactory  nerve  ends  in  their  snperior  and  posterior  portion 
only  {regie  olfactoria),  while  the  inferior  and  anterior  portion 
principally  serves  as  an  **  air-passage/^  and  consequently  comes  into 
relation  with  the  respiratory  organs  (regie  respiratoria).  The  whole 
differentiation  therefore  of  the  nasal  cavity  is  seen  to  be  connected 
with  the  development  of  tlie  lungs,  and  their  increased  physiological 
importance.  The  increase  in  the  extent  of  the  internal  cavity  is 
effected  in  varions  ways.  The  lateral  wall  of  the  nasal  cavity, 
which  is  developed  from  the  primordial  cranium,  always  takes  part 
in  this  process;  the  turbinate  bones  are  lamellar^  folded,  and 
coiled  processes  of  this  wall, 

In  the  Reptilia  there  is  only  one  turbinate  bone;  this  extends 
backwards  from  a  cavity,  which  commences  at  the  external  nasal 
orifieCj  and  is  generally  horizontal  in  position  ;  it  is  feebly  developed 
in  the  Chelonii,  and  best  developed  in  tho  Crocodilini*  It  is  very 
varied  in  character  in  Birds.  Sometimes  it  is  simple  (Oolnmbae), 
sometimes  complicated  by  coils  (Rap tores),  or  it  may  be  cleft  into 
several  lamella3  (Sfcruthio).  A  turbinated  structure  is  connected 
with  the  internasal  septum  in  front  of^  and  below  this  bone,  and  is 
by  this  connection  distinguished  from  the  turbiaate  bones^  which 
are  always  lateral  in  position*  This  pseudo-concha  separates  the 
vestibule  of  the  nose  from  the  internal  nasal  cavity. 

Above  the  turbinate  bone,  and,  as  a  rule,  at  the  upper  blind  end 
of  the  nasal  cavity,  there  is  another  process  which  corresponds  to  a 
depression  formed  in  the  wall  of  the  nasal  cavity  by  an  air  sinus. 
Part  of  the  olfactory  nerve  ends  on  this  process,  which  is  not  found 
in  the  Columbidas.  In  the  Mammalia  three  turbinate  bones  may  bo 
distinguished,  Tho  lower  one  corresponds  to  the  single  bone  in  the 
Reptilia  and  Aves ;  it  varies  very  greatly  owing  to  the  way  in  iivhich 
its  lamellsQ  are  mmified  and  variously  coiled,  e.g.  in  the  Caniivora  (it 
is  most  complicated  in  Lutra  and  Phoca).  These  bones  are  least 
developed  in  various  Marsupials  (Macropus,  Phascolomys),  in  the 
Apes  (they  are  simplest  in  the  Platyrrhitii),  and  in  Man.  In  the 
Cetacea  the  cavity  has  undergone  degeneration  in  consequence  of 
the  loss  of  its  olfactory  function.  The  orifice  on  the  upper  surface 
of  the  skull  leads  into  a  vertical  canal,  which  is  divided  by  tho  inter- 
nasal septum,  and  which  can  be  shut  off  from  the  pharyngeal  cavity  l)y 
an  occlusor  muscle;  there  are  no  signs  of  any  turbinate  bones 
in  it, 
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§412. 

There  are  accessory  organs  belonging  to  tte  nasal  cavity.  These  aro : 
1)  Accessory  cavities  of  the  nose*  These  are  formed  by 
the  sinking  of  the  mucous  membrane  of  the  nose  iuto  parts  of  its 
firm  wall.  They  are  first  seen  in  the  Crocodilini,  whore  there  is  a 
cavity  in  the  side  walls  of  the  nasal  cavity,  which  comnninicates 
with  it.  In  Birds  we  frequently  meet  with  connections  between  the 
nasal  cavity  and  the  spaces  in  the  neighbouring  bones.  In  the  Mam- 
malia the  nasal  cavity  comraunicates  with  a  number  of  cavities  in 
different  bones  of  the  skullj  the  most  important  of  which  are  the  sinus 
fron tales.  These  aro  cavities  which  are  placed  in  the  frontal  boBe, 
and  which  are  either  single,  or  divided  into  smaller  portions;  they 
aro  very  greatly  developed  in  tho  Ruminantia.  There  are  other 
communications  with  the  sphenoid ;  these  are  greatly  developed  in 
the  Elephant,  for  exam  pi  Oj  where  the  cavities  extend  through  tho 
panetal  and  temporal  bones  as  far  as  the  occipital  condyles.  Lastly, 
there  are  connections  between  the  nasal  cavity  and  tho  maxilla; 
these  form  the  sinus  m axillaris,  which  is  developed  in  Marsupials 
and  Ruminants,  and  very  largely  in  tho  Solidungula,  In  Primates 
they  are  less  extensive^  and  they  are  not  present  in  most  Caniivora, 
Edentata^  or  Rodentia. 

2)  Glands.  There  are  larger  glands  connected  with  the  nasal 
cavity  in  addition  to  the  glandular  structures  which  are  ortlinarily 
found  on  the  mucous  membrane  of  the  nose.  When  they  are  more 
developed  they  may  also  extend  outside  the  nasal  cavity,  Such 
nasal  glands  are  found  in  the  Amphibia  and  in  the  Ophidii,  as  also 
in  the  Saurii  and  Crocodilini;  in  the  former  they  lie  outside  tho 
upper  jaw,  and  in  the  latter  they  are  enclosed  in  a  maxillary  sinus. 
In  Birds  also  there  is  an  external  nasal  gland,  which  is  sometimes 
placed  on  the  frontals,  and  sometimes  on  the  nasal  bones.  Among 
the  Maninialia  also  we  find  a  gland  on  tho  sides  of  the  face,  but  it  is 
absent  in  several  orders. 

3)  Organ  of  Jacob  son.  This  is  a  canal  placed  at  the  base  of 
the  nasal  cavity ;  it  is  generally  attached  to  tho  nasal  septum,  and 
communicates  at  the  palate  with  the  buccal,  though  it  is  shut  off 
from  the  nasal,  cavity ;  its  walls,  which  form  various  kinds  of  pro- 
cesses, carry  tho  ends  of  a  branch  of  tho  olfactory  nerve,  wlxich 
passes  down  tho  sides  of  the  septum.  In  the  Ophidii  and  Saurii  the 
canal  is  partly  enclosed  by  the  vomer;  in  the  Mammalia  these 
organs  are  elongated,  and  are  continued,  as  the  ducts  of  Stenson, 
through  tho  iucisor  canals,  to  the  surface  of  the  palate;  they  aro 
best  developed  in  the  Ruminantia  and  Rodentia  {§  39(3). 


Buccal    Cavity. 

5  413. 

^^en  the  primitive  antechamber  of  the  enteric  tnbe  is  divided 
into  the  nasal  and  buccal  cavities,  by  tho  formation  of  a  palate,  a 
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number  of  organs,  which  were  seen  in  the  primitive  arrangement, 
are  assigned  to  the  buccal  cavity,  while  other  organs  appear  only 
as  later  developments.  The  teeth,  the  tongue,  and  various  glandu- 
lar organs  belong  to  the  former  series.  The  soft  palate,  or  velum 
pnlati,  which  is  only  found  in  Mammals,  is  a  new  organ.  This 
muscular  apparatus  forms  the  posterior  boundary  of  the  buccal 
cavity,  and  separates  it  from  the  pharynx.  Tho  uvula  is  a  mediau 
prolongjttion  of  the  velum  palati ;  this  structure  is  apparently  found 
in  the  Primates  only. 

In  Reptiles  and  Birds  the  anterior  and  lateral  boundaries  of  the 
buccal  cavity  are  formed  by  the  margins  of  the  jaws,  which  are 
invested  by  the  integument,  and  by  the  hard  structures  which  are 
found  on  the  jaws.  In  the  Haurii  and  Ophidii  tho  integument  de- 
velops pad-like  lips  along  the  edge  of  the  jaw.  In  all  Mammals, 
except  the  Monotremata,  the  integument  is  separated  from  the  edge 
of  tlie  jaws,  and  invests  a  complicated  muscular  layer  which  has  its 
origin  m  them  ;  this  layer  forms  the  ground-work  of  tho  lips,  and 
gives  them  their  mobihty.  In  this  way  a  space  is  developed  which 
hes  in  front  of  tho  buccal  cavity — ^tho  vcstibulum  oris.  The  lateral 
portioDS  of  this  space  form  the  cheek-pouches,  and,  when  capable  of 
great  extension,  develop  into  the  pouch-like  diverticula  of  many 
Mammals  (buccal  pouches  of  the  Rodents  and  Apes). 


Organs  of  the  Buccal  Cavity. 
§  414. 

Of  these  organs  those  hard  structures  which  serve  for  the  pre 
heasion  and  comminution  of  food  are  of 
various  kinds.  Some  of  them  are  fonned 
by  the  comification  of  epithehtd  cells.  The 
sucker-shaped  mouth  of  the  Cyclostomata 
(Fig.  308)  is  beset  with  horny  teeth  of  this 
kind,  which  are  also  present  on  a  tongue- 
like organ  in  these  animals.  In  the  Am- 
phibia the  edges  of  the  jaws  are  provided 
with  a  similar  covering;  these  structures, 
which  are  partly  limited  to  the  larval  stages, 
arc  formed  of  a  number  of  closely- set  den- 
ticles (Anura) ;  in  Siren  some  are  retained 
throughout  life- 

The  larger  homy  coverings  on  the  mar- 
gins of  the  jaws  of  the  Chelonii,  Aves,  and 
Monotremata  differ  somewhat  from  these 
horny  denticles  ;  they  are  compensatory 
arrangements,  the  presence  of  which  is  due 
to  the  absence  of  true  teeth.  Although 
these  structures  are  used  for  the  comminution  of  food,  they  have 
nothing  to  do  with  true  teeth  ;  they  are  purely  epidermal  structures, 
as  is  also  the  whale-bone  of  Whales. 


Fig.    30«.      Mouth   of   Pe- 

ti'ouiyzon  mariiiuSi  vcilh 

ita    ^'  homy   teeth"    (uftor 

Heckul  and  Kner). 
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In  the  Selachii  they  aro  partly  movable,  and  are  aiTangerl  in 
rows  of  different  ages.  In  most  Fishe9  they  retain  their  superficial 
position^  and,  whore  they  arc  more  firmly  united, 
this  is  effected  by  their  fusing  with  the  bones 
which  carry  them*  This  is  the  case  also  in  the 
Amphibia,  where  the  earliest  dental  structures 
fonn  their  proper  bones  by  fusing  together  at 
their  bases.  lu  the  Rep  til  ia  the  teeth  are  formed 
independently,  like  the  kter  teeth  of  the  Am- 
phibia; sometimes  they  are  mere  excrescences 
(pleurodont  Lizards) ;  sometimes  the  developmg 
teeth  are  sunk  into  their  proper  bones.  In  some  of 
the  Saurii,  the  teeth  are  attached  to  the  edge  of 
the  jaw  (acrodont  Lizards).  In  the  Geckos  and 
Ophidiij  and  in  all  Crocodilini,  the  developing 
teeth  are  partly  siuTounded  by  the  edges  of  the 
jaws,  and  are,  therefore,  embedded  in  alveoli-  A 
similar  arrtingement  obtains  in  the  MammaUa*  A 
mass  of  epithelium  grows  into  the  mucous  mem- 
brano  of  the  edge  of  the  jaw,  and  forms  a  cap 
around  a  papilla,  on  which  the  rudiment  of  the 
tooth  is  developed ;  as  this  follicular  structure  is 
surrounded  by  the  jaw  the  tooth  ia  completely 
differentiated  within  the  jaw,  and  only  breaks 
through  the  mucous  membrane  as  it  is  gradually 
developed  j  the  saccule  wdiich  forms  it  is  nipped 
off  from  this  mucous  membrane. 

The  teeth  vary  very  greatly  in  form,  so  that 
there  is  every  intermediate  stage  between  broad  plate-like  struc- 
tures, and  long,  fine,  spicular  forms ;  this  variety  of  chanicter  is 
most  common  in  Fishes.  The  teeth  of  the  Amphibia  are  moi-e 
similar  in  form ;  in  the  extant  members  of  the  gronp,  at  any  rate, 
they  are  generally  simply  conical^  or  faintly  notched.  Among  the 
Reptiha  greater  differences  are  seen  in  the  Sanrii,  and  partly  too 
in  the  Ophidii^  in  some  of  which  a  certain  number  of  teeth  are 
connected  with  a  special  poison  apparatus.  In  the  Crocodihni,  also, 
the  conical  form  is  the  most  common;  in  them  the  new  teeth  ere 
always  placed  below  those  which  aro  already  developed^  and  are 
covered  by  them* 

Birds  have  no  teeth.  But  as  fossil  forms— the  Odontomithes 
(Ichthyornis,  Hesperornis) — are  known  in  which  the  jaw  did  carry 
teeth,  their  absence  in  extant  forms  must  be  regarded  as  having 
been  acquired  within  the  limits  of  the  class. 

Among  Mammals^  the  individual  tooth  varies  very  greatly,  so 
that  a  single  dental  apparatus  contains  various  forms  of  teeth. 
These,  again,  have  different  functions  in  relation  to  the  food  in- 
gested, and  vary  greatly  in  character  according  to  the  kind  of 
food;  it  is  in  the  Delphinoidea  only  that  the  lower  condition,  in 
which  aU  the  teeth  are  similar,  is  retained ;  in  the  Balijenoidea  the 


Fig.  309.  Dmgrani 
of  tJio  development 
of  teeth,  A  proceaa 
of  the  cpithcliel 
layer  is  sunk  into  the 
mucoas  membmoet 
and  forms  an  enamel 
organ  (e)  over  each 
papilla  (2>). 
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The  true  teeth  are  the  product  of  the  mucona  membrane  of  the 
mouthy  wliich  i»  formed  of  connective  tissue  as  well  as  of  epithelium. 
In  the  Selachii  their  Btractiire  and  mode  of  development  is  exactly 
the  same  as  that  of  the  dermal  denticles,  with  which  also  they 
have  many  external  points  of  resemblance ;  as^  therefore^  the  matrix 
of  the  two  is  continuous,  and  as  in  many  Selachii  these  integu- 
mentary scales  are  diatribnted  over  other  portions  of  the  wall  of  the 
buccal  cavity,  we  may  conclude  that  the  teeth  and  scales  were 
primitively  identicaL  The  teeth,  which  are  developed  on  the 
edgoH  of  the  jaws  are,  thereforOj  however  much  they 
are  differentiated,  nothing  more  than  large  structures 
of  the  same  kind  as  those  which  are  found  in  the 
integument.  The  change  in  them,  as  compared  with 
those  integumentary  scales,  is  clearly  due  to  adapta- 
tion to  new  functions,  while  their  firsfc  appearance  was 
contemporaneous  with  the  differentiation  of  the  primi- 
tive mandibular  arch.  The  presence  of  those  structures 
in  the  primitive  buccal  cavity  is  explicable  from  the 
fact  that  it  was  formed  by  an  invagination  from  tho 
exterior. 

All  teeth  are  developed  in  essentially  the  same  way ;  this  has 
been  already  described  above  {p.  423),  when  we  were  speating  of  the 
dermal  denticles  of  the  Selachii.  The  dental  papilla,  formed  of 
connective  tissue,  develops  the  dentine  fi'om  an  epithelial -like 
superficial  layer  (odontoblasts)  ;  and  on  this  an  epithelial  layer 
deposits  the  enamel.  When  the  teeth  are  developed  on  the  surface, 
these  layers  are  continuous  with  those  of  the  surrounding  mucous 
membrane.  When  the  rudiuient  of  the  tooth  is  sunk  into  the 
mucous  membrane,  an  epithelial  thickening  (enamel  ridge)  is 
developed,  which  grows  into  it ;  the  portion  of  it  which  covers  the 
dental  papilla  is  scpamted  off,  and  forms  the  enamel  organ.  The 
cement,  or  bony  layer,  is  added  to  these  two  substances,  and  forms  a 
third  layer. 

We  have  described  above  how  the  presence  of  teeth  in  the  buccal 
cavity,  and  their  deposition  on  the  cartilaginous  skeleton  of  its  wall 
leads  to  the  formation  of  bone  (§  342).  These  bones  are  derived 
from  dentigerous  plates,  and  therefore  each  of  them  may  carry 
teeth.  In  the  GanoYdei  and  Teleostei,  for  instance,  there  are  teeth 
on  the  palatines,  vomer,  and  parasphenoid,  in  addition  to  the  maxillary 
bones;  atid,  also,  on  the  hyoid  and  branchial  arches.  It  is  generally 
the  last  of  the  branchial  arches  reduced  to  a  simple  plate,  which 
is  distinguished  by  the  possession  of  teeth  (pharyngeal  teeth  j 
Fig.  2f5li,  )T).  Teeth  are  much  more  common  on  the  upper  pieces 
of  the  branchial  arches. 

In  the  Amphibia  there  are  still  teeth  on  the  palatine  and  vomer ; 
more  rarely  on  the  pamsphenoi  J;  among  the  Reptilia,  the  Opliidii  and 
Saurii  alone  have  teeth  on  the  palatine  and  pterygoid ;  while  in  tho 
Crocodihni,  as  in  the  Mammalia,  the  teeth  are  confined  to  the 
maxillary  bones. 
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111  tlio  Selacliii  they  arc  partly  movable^  and  are  arraiigoJ  in 
rows  of  different  ages*  In  most  Fishes  they  retain  their  superficial 
position,  and,  whore  thoy  are  more  firmly  united, 
tliis  is  effected  by  their  fusing  with  the  bones 
which  carry  thorn.  This  is  the  case  also  in  the 
Amphibia,  where  the  earliest  dental  structures 
form  their  proper  bones  by  fusing  together  at 
their  bases.  In  the  Reptilia  the  t^eth  are  formed 
independently,  like  the  later  teeth  of  the  Am- 
phibia; sometimes  they  are  mere  excrescences 
(plenrodont  Lizards) ;  sometimes  the  developing 
teeth  are  a  link  into  theii'  proper  bones*  In  some  of 
the  Saurii,  the  teeth  are  attached  to  the  edge  of 
the  jaw  {acrodont  Lizards).  In  the  Geckos  and 
Ophidii,  and  in  all  Crocodilini,  the  developing 
teeth  are  partly  surrounded  by  the  edges  of  the 
jaws,  and  are,  therefore,  embedded  in  alveoli,  A 
similar  arrangement  obtains  in  the  Mammaliii,  A 
mass  of  epithelium  grows  into  the  mucous  mem- 
brane of  the  edge  of  the  jaw,  and  forms  a  cap 
around  a  papilla,  on  which  the  rudiment  of  the 
t-ooth  is  developed ;  as  this  follicular  strneture  is 
surrounded  by  the  jaw  the  tooth  is  completely 
differentiated  within  the  jaw,  and  only  breaks 
through  the  mucous  membrane  a^  it  is  gradually 
developed ;  the  saccule  which  forms  it  is  nipped 
o£E  from  this  mucous  membrane. 

The  teeth  vary  very  greatly  in  form,  so  that 
there  is  every  intermediate  stage  between  broad  plate-like  struc- 
tures, and  long,  fine,  spicuhtr  forms ;  this  variety  of  character  is 
most  common  in  Fishes,  The  teeth  of  the  Amphibia  are  more 
similar  in  form  ;  in  the  extant  members  of  the  group,  at  any  rate, 
they  are  generally  simply  conical,  or  faintly  notched.  Among  the 
Reptilia  greater  differences  are  seen  in  the  Saurii,  and  partly  too 
in  the  Ophidii,  in  some  of  which  a  certain  number  of  teeth  are 
connected  with  a  special  poison  apparatus*  In  the  Crocodibni,  also, 
the  conical  form  is  the  most  common;  in  them  the  new  teeth  are 
always  placed  below  those  which  are  already  developed,  and  arc 
covered  by  them* 

Birds  have  no  teeth.  But  as  fossil  forms — the  Odontornithes 
(IchthyornLSj  Hesperornis) — are  known  in  which  the  jaw  did  carry 
teeth,  their  absence  in  extant  forms  most  be  i^garded  as  having 
been  acquired  within  the  limits  of  the  class. 

Among  Mammals,  the  individual  tooth  varies  very  greatly,  so 
that  a  single  dental  apparatus  contains  various  forms  of  teeth. 
These,  again,  have  different  functions  in  relation  to  the  food  in- 
gested, and  vary  greatly  in  character  according  to  the  kind  of 
food;  it  is  in  the  Delphinoidea  only  that  the  lower  condition,  in 
which  all  the  teeth  are  similar,  ia  retained ;  in  the  Balasnoidea  the 


Fig.  309.  Uiagram 
of  tJio  devolopmotib 
of  teeth,  A  procoaa 
of  the  epithelial 
layer  is  suck  into  the 
Dill  COD  8  membrane, 
and,  forms  an  onaaitl 
organ  (<?)  over  each 
papilla  (p). 
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toeth  are  merely  formed  in  rudiment^  and  are  atrophied  wliile  stil 
witliin  the  alveolar  cavities. 

The  replacement  of  the  worn-outj  and  suhaequently-shed  teeth, 
is  offi^cted  in  Fishea  by  the  continual  development  of  new  teeth  close 
to  the  old  ones.  Teeth  are,  therefore,  developed  by  a  process  which 
is  continued  throughout  the  whole  life  of  the  animal,  and  is  always 
being  renewed*  Even  in  the  Ajnphibia  and  Reptilia  we  also  meet 
with  snccessional  teeth,  so  that  by  the  continual  development  of 
fresh  teeth  the  dental  apparatus  is  kept  complete*  In  most 
Mammals  this  process  is  limited  to  a  single  change,  the  first  (milk) 
dentition  being  replaced  by  a  second  one,  in  which  there  is  a  larger 
number  of  teeth  (Diphyodonts).  This  change  does  not  happen  in 
the  Cetacea  (Monophyodonts).  In  the  Marsupial ia  the  diphyodont 
condition  is  in  a  rudimentary  stage,  for  it  is  confined  to  one  tooth 
only  on  either  side  of  the  jaw>  This  is  the  case  also  in  several  other 
Mammals  (Elephas,  Ilalicore),  while  the  Rodentia  would  seem  to 
belong  to  this  series.  The  two  series  are  therefore  connected,  and 
the  change  of  teeth  in  the  Mammalia  may  be  regarded  as  a  process 
which  has  been  developed  from  a  polyphyodont  condition. 

Tomes,  Cu.  S.,  MaDual  of  Dental  AnaLouiji  Human  and  Comparative.    London 
187a 
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The  tongue  IB  a  second  organ  of  the  buccal  cavity.  In  Fishes  it 
is  generally  a  process  formed  by  the  investment  of  mucous  mem- 
brane of  the  body  of  the  hyoid.  It  is  flat,  and  movably  connected 
with  the  general  branchial  skeleton  only*  Like  the  other  skeletal 
portions  of  the  Tvall  of  this  cavity  it  frequently  carries  a  number  of 
teeth.  This  organ  is  not  provided  with  a  special  musculature  below 
the  Amphibia,  where  it  forms  a  thick,  and  in  many,  a  protrusible 
structure.  It  is  not  developed  in  Pipa  and  Dactylethra,  As  a  rule, 
the  anterior  end  alone  is  connected  with  the  floor  of  the  buccal 
cavity,  and  the  posterior^  and  moro  movable  portion,  is  drawn  out 
into  two  processes.  In  the  Reptilia  there  is  likewise  a  muscular 
tongue,  which,  in  the  Ophidii  and  Saurii,  can  be  drawn  out  of  a 
special  sheath.  The  epithelium  of  the  tongue,  w^hich  is  ordinarily  a 
delicate  organ,  frequently  develops  scales  and  knobs  on  its  upper 
surface,  while  the  anterior  end  is  drawn  out  into  two  fine  points 
(Fissilingues)  (Fig,  31U,  2)*  In  the  Chelonii,  and  especially  in  the 
Crooodilini,  the  tongue  is  broad  and  flat.  In  Bii-ds,  the  anterior 
end  of  the  tongue  is  ordinarily  covered  by  a  cornified  layer  of 
epithelium^  and  is  sometimes  besot  by  lateral  barbs  (Woodpeckers), 
or  fine  seta3  (Toucan) ;  it  is  in  the  Psittacidte  only  that  the  tongue 
forms  a  lai-ger  fleshy  organ.  In  the  Mammalia  we  find  that  the 
tongue  is  very  large,  owing  to  the  greater  development  of  its 
musculature,  while  at  the  same  time  its  investing  mucous  mem- 
brane is  provided  with  a  number  of  differentiated  papillae.  The 
function  of  the  organ  is  chiefly  that  of  aiding  in  the  ingestion  of 
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food.  In  many  Prosimii  and  Cliiroptera,  as  also  iii  tho  platyn'hino 
Apes,  there  m  a  process  bolow  the  toiiguo  wiiicli  is  sometimes 
double;  this  is  the  so-called  siiblingua. 
The  glandular  organs  connected 
with  the  buccal  cavity  aro  developed 
from  its  mucous  membrane.  When 
they  are  largely  developedj  and  are 
placed  outside  the  mucous  membrane, 
their  efferent  ducts  pass  iuto  it. 
They  may  therefore  be  regarded  as 
greatly  developed  glands  of  the  mucous 
membrane.  Larger  glands  of  this  kind 
are  placed  between  the  nasal  capsules^ 
and  on  the  palate,  in  the  Amphibia. 
When  they  are  much  larger  they  may 
'^jxtend  on  to  the  skull  {intermaxillary 
glands).  The  labial  glands,  which  are 
set  along  tho  edges  of  the  jaws  in  the 
Eeptilia,  must  be  mentioned  {Ophidii 
ana  Saurii).  The  poison-gknd  of  tho 
Ophidii  is  a  larger  organ,  but  is  merely 
formed  by  a  modification  of  simple 
glands.  In  the  Chelonii  there  is  a 
pair  of  glands  below  the  tongue,  which 
are  regarded  as  salivary  glands.  The 
Saurii  also  are  provided  with  similar 
groups  of  separate  glands.  Larger 
glands  of  this  kind,  which  aid  in  the 
production  of  a  buccal  fluid,  are  also  found  in  different  regions. 
They  are  constant  in  Birds  and  Mammals,  and  aro  distinguished 
as  sub-raaxillary,  sublingual,  and  parotid  glands.  In  Birds  the  last 
of  these  open  at  the  angle  of  the  mouth,  but  in  Mammals,  in  the 
vestibulum  oris.  These  glands 
are  not  developed  in  the  Cetacea, 
and  but  feebly  in  the  Pinnipedia, 
Tho  three  pairs  are  largest  in 
Herbivora;  sometimes  one  and 
sometimes  another  pair  being  tho 
best  developed. 


Fi'g".  310.  Hyoid  appafat^oB,  witli  tho 
tonguo  atitl  trachea  of  Varatitia. 
9  Median  picco  of  (bo  hjoid. 
h'  Anterior,  /*"  Poateriur  comu 
of  the  hjroid.  m  m'  Musdes. 
tr  Trachea.     »  Tonguo* 
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Pig,  311,     SoctioDs  through  the  bodj  of 

young  hkvvm  of  Petromyzon  to  show  the 

Teatral  groore.    d  Branchial  cavity  (after 

Calberla), 


Mention  has  still  to  be  made 
of  the  hypobranchial  groove 
and  ita  deriYates.  It  m  an  organ 
differentiated  from  the  primitive  cephalic  ontoron  (cf.  p*  540),  In 
Amphioxua  it  extends  all  along  the  branchial  cavity.  Among  the 
Cyciostomata  it  has  only  been  observed  during  the  early  larval  con- 
dition of  Pctromyzon  (Fig.  30  i,  h).     As  it  does  not  extend  along 
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the  whole  of  the  branchial  cavityj  it  appears  to  have  been  reduced, 
in  comparison  with  the  same  organ  in  the  Timicata.  When  the 
organ  which  functions  as  a  tongue  in  differentiated^  the  groove  nnder- 
goes  still  further  reduction,  and  is  converted  into  a  canal,  which  is 
gradually  cot  off  from  the  superior  cavity  (Fig.  31 1)^  and  is  at  last 
completely  separated  from  it.  In  the  adult  animal  it  is  converted  into 
a  complex  of  follicles,  covered  with  epithelium,  which  extend  from 
the  second  to  the  fourth  pair  of  branchial  sacs.  They  form  an 
organ  with  imkuown  physiological  relations — the  thyroid  gland. 

In  tho  Giiathostomata  a  groove,  remaining  for  some  time,  is 
no  longer  devclopod,  hut  at  tho  homologous  region  a  process  of  tho 

lumen  of  the  cephalic  enteron  is 
nipped  off^  and  forms  an  azygos 
follicle  invested  by  epithehum.  By 
a  process  of  gradual  gemmation  this 
is  broken  up  into  a  number  of  sepa- 
rate follicles,  which  are  united  to- 
gether by  connective  tissue.  In 
Fishes  the  organ  is  placed  not  far 
from  the  point  at  which  it  was 
formed  ;  that  is,  at  the  anterior  end 
of  the  trunk  of  thehranchial  arteries, 
and  between  it  and  the  copula  of  tho 
hyoid  arch.  In  the  Amphibia  the 
thyroid  is  placed  near  tho  larynx, 
where  it  forms  a  paired  coil  (unpaired 
in  Proteus),  and  is  set  on  the  inner 
surface  of  the  posterior  comua  of  the 
hyoid*  It  is  sometimes  broken  up 
into  several  groups.  In  theReptilia 
it  is  unpaired,  aod  lies  in  front  of  tho 
aortic  arches ;  in  Birds,  however,  it 
is  paired  (Fig.  312,  /),  and  lies 
near  the  coniraencenieut  of  the 
carotids.  In  both  these  divisions,  therefore,  it  is  removed  some 
way  from  the  point  at  which  it  was  developed.  This  appears  to  bo 
due  to  the  shifting  backwards  of  the  great  arterial  trunks.  Among 
Mammals  it  is  separated  into  two  parts  in  the  Monotremata,  many 
Marsupials,  and  various  other  forma;  while  iu  the  rest  its  two 
lateral  masses  are  united  by  a  mediau  britlge  {isthmus).  It  always 
lies  just  below  the  larynx,  and  on  the  trachea. 

The  preservation  of  this  organ,  which  lost  its  primitive  signifi- 
cance even  in  the  lower  Vertebrata,  throughout  the  long  scries  of 
higher  forms,  is  exphcable  from  tlie  fact  that  it  has  been  inherited 
from  what  is  phylo genetically  a  very  early  period  ;  it  is  an  arrange- 
ment, indeed,  w^hich  was  physiologically  of  great  impoiianco  to  the 
ingestion  of  food  in  the  Tnnicata. 

MuLLEB,  W.,  Die  Hypobraochi&lriiiti©  der  Timicateti^  etc.    Jen.  Zt&chr.  B<3.  Vll. 
The  same,  Katw,  d.  SobilddniBe.    Jon.  Ztsclir.    Bd*  VI. 


Fig.  ai2.     Thymus  (th)   and    thyroid 

(f)    of   a   maturo    ombi-yo    of   Butoo 

vulgaris*     tr  Tiachea. 
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Alimentary  Canal  proper  (Enteron  of  tlie  Trunk). 

§  417. 

That  portion  of  the  tractns  intestinal  is,  which  sei'ves  exclusively 
for  the  ingestion  and  alteration  of  food^  comineucca  at  the  kinder 
vnd  of  the  cephalic  enteron ;  this,  which  is  the  digestivo  tube  in  the 
strict  sense,  has  an  apparatus  differentiated  from  it  at  its  anterior 
boundaryj  which  forms  an  air-bladder  in  Fishes,  where  it  is  in  an 
indifferent  condition,  and  a  respiratory  apparatus  consisting  of  lungs 
and  trachea  in  the  Amphibia  and  all  higher  forma. 

The  most  anterior  portion  of  the  digestive  tube  is  not  sharply 
marked  off  from  the  cephalic  enteron.  A»  they  are  both  iunervated 
by  the  vagus,  there  is  reason  for  supposing  that  this  portion  was 
primitively  derived  from  the  respiratory  portion  of  the  primitive 
enteric  tube  after  the  atrophy  of  a  large  number  of  the  hiivrler 
branchial  clefta,  and  that  therefore  it  corresponds  to  the  posterior 
portion  of  the  respiratory  antechamberj  which  is  so  much  larger  iu 
Amphioxus. 

In  the  Craniota,  not  only  some  of  the  peculiar  relations  of  the 
rudimentary  enteron^  but  also  later  stages  in  the  development  of  this 
tube,  are  due  to  the  relations  of  the  egg  to  the  general  rudiment  of 
the  embryo,  and  to  an  increase  in  the  quantity  of  the  yolk. 

In  the  Selachii,  the  rudimentary  enteron  grows  round  the  yolk, 
but  it  is  the  groove-like  portion  only  of  the  general  rudimeutj  that 
lyiog  below  the  axial  skeleton  of  the  embryo,  which  is  converted 
into  the  enteron ;  this  is  gradually  shut  off  from  the  rest,  or  yolk- 
bearing  portion,  which  then  appears  as  an  appendage  of  the 
enteron,  the  yolk-sac.  This,  which  is  at  first  placed  apparently 
outside  the  body,  but  which  is  surrounded  by  a  continuation  of  the 
integiiDiontary  layer,  is  merely  connected  by  a  stalk  with  the  euterou 
(external  yolk-sac),  and  is  gradually  taken  into  the  body  (internal 
yolk-sac}.  As  the  yolk  is  gradually  used  up,  the  yolk-sac  is  atrophied. 
The  Teleostei  (and  Gano'idei)  are  provided  with  a  smaller  quantity 
of  the  nutrient  material  for  the  embryo,  which  constitutes  the  yolk. 
Owing  to  the  larger  size  of  the  yolk  of  the  egg  in  Reptiles  and  Birds, 
there  is  a  similar  contrast  between  the  enteric  canal  and  the  yolk- 
sac,  but  the  latter  is  not  covered  by  the  integument,  for  the  parts 
which  in  the  Anamnia  enclose  it  go  to  form  the  amnion,  and  another 
of  the  foetal  coverings  of  the  Bgg*  Iu  the  MammaHa  also,  where  the 
material  of  the  egg  is  very  greatly  reduced  in  quantityj  the  rudi- 
mentary enteron  becomes  nipped  off  from  the  embryonic  bladder, 
which  represents  the  yolk-sac  {Fig.  319).  This  armngement  may  be 
deduced  from  a  condition  wliich  was  distinguished  by  the  possession 
of  a  large  quantity  of  yolk- material.  The  want  of  a  large  quantity  of 
yolk  in  the  Mammalia  is  compensated  for  by  the  development  of 
the  foetus  within  the  maternal  organism,  and  the  more  or  less  close 
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connection  between  the  foetus  and  the  uterus.  A  rudiment  of  the 
yolk-sac  is  retained  as  the  "  umbilical  vesicle/'  which  is  not  taken 
into  the  body-cavity,  as  it  is  not  of  any  use  in  the  nutrition  of  the 
embryo,  but  is  after  birth  separated  from  the  young  animal  with 
the  covering  of  the  egg. 

The  divisions  of  the  alimentary  canal  are  the  same  as  those  in 
the  Invertebrata ;  fore-,  mid-,  and  hind-gut. 


Fore-gut. 

§  418. 

The  first  portion  of  the  alimentary  canal  proper  is  an  exceedingly 
short  piece  in  Amphioxus,  and  is  placed  directly  in  front  of  a 
diverticulum  which  is  directed  forwards,  and  is  regarded  as  the  liver. 
If  we  consider  that  the  liver  is  always  derived  from  the  portion 
which  is  to  be  regarded  as  the  mid-gut,  and  that  it  forms  its 
anterior  boundary,  it  follows  that  the  fore-gut  is  exceedingly  small 
in  many  of  the  Craniota  also.  This  character  is  seen  in  the  Uyclosto- 
mata,  ChimeersD,  and  various  Teleostei.  The  rest  of  the  Craniota  differ 
in  this  point,  for  their  fore-gut  forms  a  large  piece,  which  can  be 
divided  into  oesophagus,  and  stomach.  In  any  case  these  parts 
appear  to  have  been  acquired  by  the  Gnathostomata  only,  amon^  the 

Vertebrata.  The  distribution  of  the 
vagus  on  their  walls  is  of  importance 
as  bearing  on  their  origin ;  and  there 
is  in  consequence  of  this  distribu- 
tion reason  for  supposing  that  the 
tract  in  question  has  been  developed 
from  a  portion  which  primitively 
belonged  to  the  cephalic  enteron. 
The  reduction  of  a  larger  number 
of  branchial  clefts,  and  the  conver- 
sion of  a  portion  of  the  respiratory 
antechamber  to  a  purely  nutrient 
function,  is  in  agreement  with 
this  distribution.  On  the  other 
hand,  the  extension  of  this  tract, 
and  especially  of  the  portion  which 
represents  the  stomach,  as  well  as 
its  position  in  the  coelom,  are  due 
to  the  great  quantity  of  food  in- 
gested. The  stomach  is  almost 
always  separated  from  the  mid-gut 
by  a  fold  of  the  enteric  wall  (pyloric 
valve). 

In  Fishes,  the  oesophagus,  which  is  very  wide  and  provided  with 
longitudinal  folds  of  the  mucous  membrane,  genendly  passes  at 


Fig.  313.  Digeetivo  canal  of  Fislies. 
ii  Of  Gobins  melanostomus.  i?  Of 
Sal  mo.  0  Qi)8ophagus.  v  Stomach. 
i  Mid-gat.  ap  Appendices  pyloricas. 
r  Hind-gat. 
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once  into  the  stomacli,  wticli  can  only  be  distinguished  from  it  by 
the  differences  in  the  chamcters  of  its  mucoas  membrane.  As  a 
rule,  the  stomach  (Fig.  313)  forms  a  caecal  sac,  which  is  directed  back- 
wards, and  from  which  a  narrow  portion  (pyloric  tube)  which  bends 
forwards,  can  be  distinguished  ;  this  leads  to  the  mid-got  (/),  This 
is  the  case  in  all  Selaehii  and  GanoTdei,  and  in  many  Teloostei, 
while  the  rest  vary  greatly  in  the  absence,  or  the  great  development 
backwards,  of  the  caical  sac. 

Among  the  Amphibia  we  find  a  lower  stage  in  Proteus,  for  the 
enteric  tabs,  which  has  a  perfectly  straight  course,  has  no  stomachal 
enlargement  at  all.  In  the  other  Urodela,  however,  the  stomach 
forms  a  wider  portion  of  the  enteron  j  and  this  is  the  case  also  in  the 
Anura,  where  the  stomach  is  sometimes, 
indeed,  placed  transversely  (Biifo),  ^  ^ 

Among  the  Reptilia,  tho  fore-gat  is  of 
a  lower  stage  in  the  Ophidii  and  Saurii, 
owing  to  the  greater  width  of  the  coso- 
phagus  and  the  straight  course  of  the 
stomach.  However,  there  is  an  arrange- 
ment in  the  Sanrii  which  calls  to  mind 
the  pyloric  tube  of  the  Selaehii,  and  from 
this  the  stomach  might  gradually  acquire 
a  transverse  position.  In  the  Cholonii  and 
Crocodilini  the  cesophagus  is  more  sharply 
separated  from  the  stomach,  which  in  the 
former  has  a  large  and  a  small  curvature, 
owing  to  the  great  elevation  of  the  pyloric 
portion.  Owing  to  the  approximation  of 
the  cai'diac  end  of  the  stomach  to  the 
pylorus,  this  portion  is  rounded  in  the 
Crocodile,  and  is  also  distinguished  by 
a  tendinous  disc  on  each  face  of  its 
muscular  wall ;  in  this  point  it  resemblos 
the  stomach  of  Birds, 

In  the  fore-gut  of  Birds  there  is  a 
greater  division  of  labour.  The  influence 
of  adaptation  to  the  mode  of  life,  and  here 

especially  to  the  mode  of  nutrition,  is  most  clearly  shown  by  the  varia- 
tions in  the  different  arrangements.  Tho  oesophagus,  which  is  of  the 
same  length  as  the  neck,  is  either  of  equal  calibre  along  its  whole 
course,  or  is  provided  with  a  widened  portion  {Fig,  314,  /I),  or  with 
a  caecal  diverticulum  (jf?),  which  looks  like  an  appendage.  Portions 
(i)  of  this  kind,  which  are  characterised  by  modifications  of  the 
glandular  organs  of  the  mucous  membrane,  form  a  crop  (ingluvies). 
This  is  best  developed  in  carnivorous  and  graminivorous  Birds ;  in 
the  former,  indeed,  it  generally  forms  a  spindle-shaped  enlargement, 
while  in  the  latter  it  forms  a  unilateral  diverticulum,  which  is  dif- 
ferentiated into  a  ceecal  appendage,  in  many  provided  with  a  narrow 
connecting  piece. 


Fig.   3U. 
E&ptorial 


A    Fore-gat  of    a 
Bird      (Bnteij). 
B  Of  ft  Fowl,   m  CEsopbagiis. 
i  Crop*    jiv  Glandukr  stomach » 
V  Maacalar  Btoniaob.   li  Duode- 
num* 
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The  next  portion  of  the  oesophagus,  which  is  generally  narrower, 
passes  into  the  stomach,  in  which  two  divisions  can  be  macle  out ;  the 
firat  is  known  as  the  proventriculus  (^4  B  pr) ;  its  walls  are  greatly 
thickened  by  a  glandular  layer*  The  second  portion  is  characterised 
by  the  great  development  of  its  muscular  layer,  the  strength  of 
wliich  varies  with  the  mode  of  life  of  the  auimal.  Where  it  is 
greatly  developed  we  may  observe  a  tendinous  disc  on  either 
side  (^4  I?).  In  the  Eaptores,  as  also  in  many  Natatores  that  live  on 
animal  food,  the  muscular  layer  is  feebly  developed.  It  is  very 
strong  in  the  graminivorous  forms  (Gallina3,  Anatince,  Columba?, 
Passeres) .  This  portion,  which  serves  for  the  comminution  of  food, 
and  compensates  for  the  absence  of  masticatory  organs,  may  be 
provided  with  other  arrangements  also  which  serve  the  same  purpose; 
its  inner  surface  may  bo  covered  by  a  firm  horny  layer,  which  is 
often  of  considerable  thickness,  and  functions  as  a  radula.  It  is 
produced  by  a  glandular  layer,  the  secretion  of  which  passes  into 
this  firm  stiJT  condition. 

In  the  Mammalia  the  fore-gut  is  more  completely  divided,  owing 
to  the  sharper  delimitation  of  the  oesophagus  from  the  stomach,  than 
it  is  in  almost  any  other  division.  In  many  cases  the  shape  of  the 
stomach  is  of  a  low  typo.  In  the  Phocidae  it  retains  its  position 
parallel  to  the  long  axis  of  the  body,  while  in  other  Mammals  a 
position  transverse  to  this  axis  is  the  common  one. 

We  must  regard  a  number  of  pecuharities,  which  sometimes 
consist  in  an  enlargement  of  the  internal  space,  at  others  of  a 
differentiation  of  the  primitively  single,  and,  as  we  must  suppose, 
uniformly  functional  stomach,  into  several  portions  of  different 
fimction,  as  the  results  of  adaptation  to  the  material  of  nutrition. 

The  first  relation  is  implied  by  the  transverse  position  of  the 
stomach,  in  consequence  of  which  the  great  curvature  gets  to  be 
much  the  larger,  and,  forming  a  swelling  behind  the  cardiac  portion, 
gives  rise  to  the  fundus  of  the  stomach.  This  is  absent  in  most 
Caniivora,  but  is  developed  in  the  Monotremata,  Marsupialia,  Ro- 
dent ia,  and  Edentata,  and  is  found  also  in  most  of  the  Primates. 

When  the  fundus  is  more  largely  developed  the  stomach  may 
l>e  divided  into  several  portions,  but  this  division  is  not  nnfrequently 
implied  by  the  characters  of  the  mucous  membrane  only  (Equus). 
This  arrangement  is  carried  farther  by  the  development  of  a  tmns- 
verse  constriction ;  thus,  in  many  Rodents,  the  stomach  is  divided 
into  a  cardiac  and  a  pyloric  portion,  to  which  smaller  diverticula 
may  be  added  on.  Similar  stomachs  of  a  more  complicated  character 
may  be  seen  in  many  Marsupials  (Halmaturus),  and  in  the  Cetacea. 
The  fundus  is  always  a  considerable  enlargement,  which,  in  the 
Cetacea,  is  succeeded  by  a  number  of  diverticula,  which  are  attached 
to  the  pyloric  portion  ;  these  give  the  stomach  the  appearance  of 
being  made  up  of  from  four  to  seven  spaces  which  communicate 
with  one  another  by  connecting  pieces  of  varying  width. 

In  the  Ruminantia  the  complication  is  duo  to  the  share  taken  by 
the  oesophagus,  the  cardiac  end  of  which  bulges  out  on  one  side  and 
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foses  with  the  stomachy  of  which  it  forms  two  divisions.  The  first 
lias  the  character  of  an  enlarged  fimduSj  and  is  known  as  the  rumen 
or  paunch  (Fig.  315,  I) ;  it  functions  essentially  as  an  organ  for  the 
reception  of  the  large  quantity  of  food  that  is  ingested.  Just  below 
the  cardia  it  is  connected  with  tho  second  division,  the  reticulum 
{IT},  which  is  aucceedod  by  the  psalterinm  (omasna)  ;  this  third 
portion  is  wanting  in  the  Tragulid^  and  Tylopoda.  The  last 
portion,  which  is  formed  from  the  pyloric  part^  is  attached  to  this; 
it  forms  the  abomaaus,  in 
the  mucous  membrane  of 
which  tho  rennet  glands 
are  placed.  A  groove 
(oesophageal  groove)  which 
leads  from  the  oesophagus 
into  the  reticulum,  and  is 
shut  oil  by  a  valvular  pro- 
cess (Fig.  315,  5  s)  from  the 
first  two  divisions  of  the 
stomach,  represents  that 
portion  of  the  cesophagus 
which  has  entered  into  the 
formation  of  the  stomach, 
and  formed  the  first  two  por- 
tions of  that  organ  by  bul- 
ging out  on  one  side.  Thanks 
to  its  presence  the  food  that 
has  passed  from  the  reti- 
culum into  the  oesophagus, 

and  from  thence  into  the  mouth,  can  be  directly  returned,  after  it  has 
been  sufficiently  masticated,  into  the  psalterinm  and  abomasus, 
while,  when  the  groove  is  open,  the  fodder  parses  easily  into  the 
paunch  and  reticulum.  The  influence  of  the  food  in  determining 
the  size  of  the  various  portions  may  be  seen  from  the  diiferonces 
between  the  paunch  and  the  abomasna  at  different  periodg  of  life. 
The  abomasus  is  relatively  large  in  the  calf,  while  later  on  the 
paunch  may  bo  as  much  as  ten  times  larger  than  the  abomasus, 
and  even  more  than  that. 


Fig,  315.  Stomachof  an  Antolope.  A  Fmm 
in  front,  li  Opened  from  behind.  00  CEsopha. 
gus.  /  Rmiicju*  // Kcticulum.  ///Psaltoriiim, 
/V  A^wmasijs.  p  Pylorus.  «  (Esopha^ont 
groove. 


Mid- gut* 

§  419. 

The  mid-gut  (small  intestine)  which  is  generally  sepai'ated  from 
the  stomach  by  a  circular  fold,  the  pylonc  valve,  is  characterised  at 
its  coniniencement  by  having  glandular  organs  (liver  and  pancreas) 
connected  with  it.  With  regard  to  length  it  is  the  most  variable 
portion  of  the  enteric  tube.  It  is  straight  in  tho  Cyclostomata, 
some  Teleostei,  and  in  Chimeem.     In  the  last  it  is  distinguished  by 
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a  spiral  fold,  which  is  greatly  deyeloped  in  the  Selachii,  and  divides 
the  greater  part  of  the  mid -got  into  a  number  of  more  or  less 
closL4y  applied  coila  (Fig.  31 G^  0  ps).  In  Carcharias  this  fold  has 
the  form  of  a  roUed-np  sheet  of  peeper.  This  spiral  valve  ia 
retained  in  the  Ganolfdei  r  it  is  reduced  to  almost  nothing  in 
Lepidosteu&.     It  is  not  present  in  the  Teleostoi. 

An  enlargement  maj  he  observed  at  the  commencement  of  the 
mid-gut  of  the  Selaehii ;  in  the  Sturiones  there  is  a  large,  and 
externally  much  diverticnlated  glandular  organ  at  the  same  point ; 
it  is  divided  internally  into  a  number  of  spaces  coiTesponding  to  the 
diverticula.  In  Lepidosteus  the  various  portions  are  more  sharply 
separated  from  one  another^  and  have  the  appearance  of  groups  of 
short  C80cal  tubes  which  beset  the  pyloric  portion  of  the  mid-gut, 
and,  as  in  many  Teleostei,  form  the  appendices  pylorica}  (Fig.  316, 
A  B  ap).      They  beset  a  certain  portion  of  the  mid-gut  and  vary  in 


Fig.  816.    Enleric  caiuil  of  Fishes.    A  Of    Salmo  flalvelinuB.    1?  Of  Trachiniia 

r&difttns.     C  Of  SqnaHoa  vulgaris,     oe  OCeophagnB*      i'  StomacK      dp  End  of 

tlia  ftur-dnot,    p  Fyloms.    ap  Appendicee  pjloriceD.    d  Ductus  choledodms.    vs  Spiral 

valrOt    i  Mid^gut.    c  Hind-giit>    w  Its  appendage. 

number  and  size.  Tliey  sometimes  open  separately  into  the  gut, 
.sometimes  are  united  into  larger  trunks,  and  give  rise  to  branched 
~  tructures.  They  are  most  numerous  in  the  GadidsB  and  Scom- 
Tserolfdie.  In  many  Fishes  the  different  c^ca  are  held  together  by 
connective  tissue  and  united  at  a  common  efferent  duct,  in  which 
case  they  have  the  appearance  of  a  compact  gland  (Scomberoidas), 
while  their  affinity  to  the  gland  in  the  Sturgeon  is  implied  by  the 
frequent  union  of  their  orifices. 

In  many  Teleostei  the  mid-gnt  is  much  longer  than  the  tract 
of  the  ccelom  which  is  given  up  to  it,  and  it  is  then  arranged  in 
coils  (Fig.  316,  B  i),  or  in  several  ascending  and  descending  loops. 
This  implies  an  adaptation  to  the  cavity  of  the  ccelom,  whilst  the 
elongation  of  the  tractj  which  is  always  derived  from  a  straight 
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radiment^  is  an  adaptation  to  the  functions  required  of  it  bj  the 
ingesta. 

In  the  Amphibia  the  simple  condition  of  the  mid-gut  is  very 
rarely  permanent  (Proteus).  It  generally  forms,  as  it  does  also  in 
Reptiles,  a  longer  tube,  and,  consequently,  a 
number  of  coils.  (Fig.  817,  i.)  In  the  Ophidii 
these  are  least,  in  the  Chelonii  they  are  con- 
siderably, and  in  the  Crocodilini  they  are  still 
more  developed.  The  mid-gut  is  very  greatly 
elongated  in  the  larvaa  of  the  anourous  Amphibia^ 
where  this  portion  forms  a  long  loop  arranged 
in  spiral  coils.  It  is  reduced  when  the  mode  of 
feeding  is  changed  during  the  final  stages  of 
larval  life,  and  this  leads  to  an  abbreviation  of 
the  length  of  the  enteron. 

The  length  of  the  mid-gut  in  Birds  also  varies 
very  greatly  according  to  the  characters  of  their 
food.  It  is  arranged  in  loops,  the  first  of  which 
(duodenal  loop)  is  the  best  developed,  and  always 
contains  the  pancreas. 

The  mid-gut  of  Mammals  is  seen  no  less  dis- 
tinctly to  vary  in  length  according  to  the  kind  of 
food  that  is  eaten;  so  that  there  are  different 
conditions  in  Carnivorous  and  Herbivorous  forms. 

The  surface  of  the  mid-gut  is  increased  by 
various  arrangements  of  its  mucous  membrane, 
as  well  as  by  its  increase  in  length.  In  the  lower 
groups  there  are  coarser  folds  (spiral  valve  of 
the  oelachii),  but  in  the  Amphibia  and  Beptilia 
by  far  the  most  common  arrangements  are  fine 
longitudinal  folds  of  the  mucous  membrane.  These  obtain  also  in 
the  Birds,  but  in  them  they  generally  form  unequal  elevations,  and 
may  be  united  by  transverse  lines.  Fine  folds  arranged  in  zigzag 
lines  are  seen  in  the  Amphibia  and  Beptilia,  and  are  found  also  on 
the  mid-gut  of  Birds.  In  Mammals,  these  longitudinal  folds  of 
the  mucous  membrane  are  commonly  found  in  the  Cetacea ;  but  in 
most  of  the  other  Mammalia  the  mucous  membrane  is  smooth,  or 
raised  up  into  transverse  folds,  which  are  very  generally  beset  with 
villi.  When  the  folds  are  feeble  we  find  that  these  villi  are  greatly 
developed  in  Birds  also,  while  when  the  folds  are  present  the  villi 
are  merely  smaller  elevations. 


Fig.  317.  Enteric 
oanalof  Monobran- 
olinB  latoraliB. 
j>  Commencement  of 
the  fore-gut  with  the 
Pharynx,  oe  CBso- 
phagiis.  V  Stomach. 
i  Mid'gat.  r  Hind- 
gut. 


Hind-gut. 

§420. 

The  end-   or  hind-gut  is  the  smallest  of  all  in  the  lower 
divisions,  and  is  merely  represented  by  a  short  and  somewhat  wider 
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piece  (Fig.  313,  r;  310,  0  c).  In  the  Selachii  it  ia  provided  witli  a 
special  glandular  appendage  (Pig.  3 16^0 a-).  It  is  onlyin  the  Amphibia 
that,  owing  to  its  greater  length  and  width,  it  becomes  of  some  im- 
portance, bat  in  them,  as  in  the  Reptilia,  it  retains  its  straight 
course  in  correspondence  with  its  shortness.  In  consequence  of  this 
straight  course  it  has  got  the  name  of  "rectum/*  It  is  generally 
separated  from  the  mid-gut  by  a  transverBO  fold  or  valve.  Many 
Reptiles  are  provided  with  a  cfecal  appendage,  which,  in  the  Ophidii 
is  feebly,  and  in  the  Saurii  ia  better  developed*  The  cmca  in  Birds 
are  much  more  independent.  In  this  group,  also,  the  hind-gut  is 
short  and  straight  (Fig.  320).  Tho  ciecum  is  generally  paired,  and 
is  absent  in  a  few  families  only  (e,g*  Woodpecker,  Psittacus,  etc.). 
They  vary  greatly  in  the  extent  to  which  they  are  developed,  so  that 
they  may  form  short  papilliform  appendages,  or  very  long  tubes 
{Apteryx,  Gallinse,  Anseres). 

Tho  hind-gut  ia  longest  in  the  Mammalia,  where  it  forms  the 
large  intestine,  and  is  distinguished,  as  such,  from  the  mid-gut,  or 
small  intestine.  Owing  to  its  greater  length  it  is  arranged  in  coils, 
so  that  the  terminal  portion,  only,  has  the  straight  course  taken  by 
the  hind-gut  of  other  Vertebrata.  The  anterior  portion  ordinarily 
forms  a  loop  whicli  bends  from  the  right  side  of  the  abdominal  cavity 
forwards,  and  then  to  the  left,  and  then  again  backward}^  to  be 
continued  into  the  rectum,  This  loop  is  sometimes  broken  up  into 
secondary  loops. 

At  the  boundary  between  it  and  the  small  intestine  caecal  stroc- 
tures  are  likewise  developed,  but  these  are  rarely  arranged  in 
pairs  (Fig.  318,  c  tf),  and  are  commonly  single.     The  size  of  this 

cfecum  may  be  shown  to  depend 
on  the  food.  In  the  Carnivora 
it  is  short,  and  sometimes  com- 
pletely absent  (Ursina,  Muste- 
Hna) :  it  ia  very  large  in  the 
Herbivora,  where  its  length  is 
compensated  for  by  that  of  the 
colon. 

The  caecum  itself  may  be 
affected  by  differentiations.  Its 
terminal  portion  is  frequently 
diminished  in  size  (e.g.  in  various 
Prostmite  and  many  Rodents) 
(Fig.  318,  c).  In  various  Primates, 
and  in  Man,  the  terminal  portion,  wliich,  at  first,  is  as  wide  as  the 
rest,  is  not  developed  in  proportion  to  it ;  it  thus  becomes  more  and 
more  distinct  from  tho  other  portion,  which  continues  to  grow 
wider,  until  at  last  it  forms  a  mere  appendage  to  it — the  appendix 
vermiformis. 

The  hind-gut  primitively  opens  into  the  same  space  as  the  urinary 
and  generative  ducts,  the  cloaca.  This  arrangement,  which  ob- 
tttina  in  the  Selachii,  Amphibia,  Reptilia,,  and  Aves,  is  permanent  in 


Fi|t<  9^S'  Cs&cmn  unci  colon  of  Lugo. 
my  a  pu  sill  us.  a  Sm^U  intcstino. 
h  Opening  of  tho  larger  (c),  and  of  tho 
umallor  (d)  cffjcum.  e  f  (j  Diverticula  of 
tho  colon  (after  FaUaa)  * 
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the  Monotremata  only,  among  Mammals^  in  tlie  rest  of  which  ifc  is 
confined  to  the  embryonic  stage,  and  subseqnently  the  hmd^gufc 
opens  to  the  exterior  by  means  of  an  anus, 


Organs  appended  to  the  mid-gut. 
§  42L 

Two  large  glandular  organs^  the  liver  and  pancreas,  are 
connected  with  the  beginning  of  the  mid-gut ;  they  are  both  dif- 
ferentiated from  the  wal!a  of  the  rudimentary  enteron. 

In  Amphioxus  an  organ,  which  must  be  regarded  as  the  liver, 
has  the  form  of  a  ca3cal  tube  (Fig,  303,/^,  which  arises  close  to  the 
commencement  of  the  alimentary  canal,  and  is  directed  forwards 
(Fig.  303,/).  It  it*  provided  with  an  epithelial  investment  of  a 
greenish  colour.  A  similar  condition  m 
seen  in  the  Craniota  during  the  earliest 
stages  of  development,  in  which  the  rudi* 
raent  of  the  liver  has  the  appearance  of  a 
paired  diverticulum  (//)  of  the  enteric 
tube,  lying  behind  the  rudimentary  stomach 
(Fig.  319,  d).  It  is  partly  formed  by  the 
epithelial  layer  of  the  rudimentary  enteron 
(endoderm),  and  partly  by  the  external  layer 
developed  from  mesoderm.  As  Reptiles, 
Birds,  and  Mammals  agree  in  this  point, 
this  condition  must  be  regarded  as  a  funda- 
mental one,  while  at  the  same  time  it  calls 
to  mind  the  morphological  characters  of 
the  hepatic  organ  in  Amphioxna  and  many 
Invertebrata  (Vermes,  Mollusca), 

Owing  to  the  thickening  of  the  eplanch- 
nopleure  and  its  large  connection  with  the 
venous  portion  of  the  vascular  system, 
together  with  the  Bimultaneoiis  thickeuing 
of  the  endoderm,  relations  are  produced, 
which  distinguish  the  liver  of  the  Craniota 
from  that  of  the  Acrania,  as  well  as  from 
that  of  the  Invertebrata.  While  the  first 
rudiment  of  the  liver  appears  as  a  diver- 
ticulum, the  later  differentiations  are 
brought  about  by  the  thickening  of  the 
endoderm,  and  give  rise  to  solid  chords  of 
cells  which  grow  into  the  layer  of  mesoderm,  and  the  vascular 
apparatus  embedded  in  it ;  these  give  off  new  buds,  and  are  finally 
connected  together  in  a  retiform  manner.  The  parenchyma  of  the 
liver  is  formed  by  these  primitively  solid  chords,  and  their  secondary 
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Fig.  dm.  Eudimotit  of  tlio 
enlerm  cxinal  and  its  ap. 
pendages  iu  an  embryo 
of  the  Dog,  Been  from  tlie 
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liver,  g  Walla  of  the  yolk, 
sac  in  conDection  with  the 
ttiid-gnt.  h  Hind-got  (after 
Biachoff). 
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and  other  processoSj  while  they  give  me  to  the  bile-ducts  by  the 
formation  of  intercellular  passages,  which  run  in  the  axes  of  the 
epithelifil  chords*  The  hepatic  lobes,  which  are  formed  on  either 
side,  fuse  with  one  another  iuto  a  single  organ.  The  two  primitive 
diverticula,  after  they  have  formed  the  bile-ducts  in  the  paronchyma 
of  the  liver,  and  have  been  continued  iuto  the  network  of  cellular 
chords,  form  the  efferent  ducts  of  the  liver. 

The  liver,  which  h  thus  differentiated  from  the  enteron,  forms 
a  compact,  and  ordinarily,  very  large  organ ;  it  ia  embedded  in  a 
fold  of  the  peritoneumj  which  extends  from  the  anterior  portion  of 
the  enteric  tube  to  the  anterior  wall  of  the  abdomen. 

In  Irishes,  the  liver  generally  forms  a  single,  undivided  mass,  but 
sometimes  it  consists  of  two,  or  more  lobes*     There  are  two  large 

portions  in  the  Amphibia ;  it  is  gene- 
rally simple  in  the  Ophidii,  and  is 
merely  notched  at  the  margin  in  the 
Saurii ;  in  the  Crocodilini  and  Uhelonii 
it  is  again  divided  iuto  two  lobes, 
which  in  the  latter  are  widely  sepa- 
rated from  one  another,  and  united 
by  a  slender  transverse  bridge.  Ordi- 
narily two  lobes  are,  sometimes  more, 
sometimes  less,  indicated  in  the  Mam- 
malia* In  the  Carnivora,  Rodeutia, 
some  Marsnpialia,  Simire,  and  othera 
we  find,  indeed,  muUilobate  forms,  but 
these  may  be  referred  to  two  larger 
primary  lobes. 

There  are  various  modifications  in 
the  character  of  the  efferent  ducts 
(ductus  hepato-enterici)  in  relation  to 
their  primitively  double  character ;  for 
either  the  first  condition  persists,  or 
the  two  dncts  are  gradually  fused  to- 
gether, that  is  to  say,  the  diverticulum 
of  the  enteron  is  converted  into  a 
single  duct,  or,  lastly,  the  primitive 
ducts  are  atrophied,  and  secondary 
canals  are  converted  into  efferent 
ducts  j  in  this  case  there  is  a  large 
number  of  ducts  (in  the  Saurii  and 
Ophidii),  A  unilateral  ca^cal  diverti- 
culum, the  gall-bladder  {Fig,320,/) 
is  placed  on  those  ducts ;  it  has  very 
various  relations,  and  is  by  no  means 
a  constant  structure. 

The  pancreas  is  developed  in  the 
Bftme  way  as  the  liver — from  a  diverticulum  of  the  wall  of  the 
enteron,  which  is  developed  behind  the  rudiment  of  the  fiver.     The 


Fig*  320*  EnLerio  caiLal  of  Ardoa 
oinerea.  i  CEflopbagua  and  crop. 
jBii'  Prorentriculua.  i«  Gizzard. 
^  Antrum  pylori,  d  Duodeoal 
loop.  t(  Mid-gut.  h  Hitid-giit. 
c  Fart  of  ibo  Bingle  co^cDin. 
cl  Cloaca  and  Bursa  Fabricii. 
h  Liver,  dh  Dnctna  bepato^en. 
teriona*  /Gall- bladder,  p  Puncreas, 
dp  Paaoroatio  duct. 


MESENTEEY  OF  VERTEBMTA.  565 

epithelial  layer  of  the  rudimentary  enteron  forms  thickenings  from 
which  the  glandular  lobules  and  their  efferent  ducts  are  developed 
by  a  process  of  gemmation,  while  the  pancreatic  duct  is  derived 
from  the  first  rudiment  of  the  gland.  This  organ,  which  is  never 
absent  except  in  some  divisions  of  Fishes,  is  always  placed  close  to 
the  commencement  of  the  mid-gut,  or  close  to  the  stomach; 
its  duct  is  frequently  united  with  that  of  the  liver,  or  passes  into 
the  enteric  canal  in  company  with  it.  Not  unfrequently  there 
are  two  ducts  (Chelonii,  Crocodilini,  Aves  [Fig.  320],  and  some 
Mammalia),  one  of  which  is,  as  a  rule,  connected  with  the  ductus 
hepato-entericus. 


Mesentery. 
§  422. 

As  the  enteric  canal  is  developed  the  peritoneal  fold,  which  en- 
closes it,  is  developed  also ;  it  fastens  the  canal  to  the  hinder  wall 
of  the  abdomen.  This  double  lamella,  which  contains  the  enteron, 
forms  the  mesentery;  that  portion  of  it  which  goes  to  the  stomach 
is  known  as  the  mesogastrium.  This  does  not,  however,  merely 
enclose  the  stomach,  like  the  mesentery  of  the  greater  part  of  the 
mid-gut,  but  has  its  two  lamellsd  continued  from  the  stomach  into  a 
double  fold,  which  extends  to  the  anterior  waU  of  the  abdomen, 
where  it  is  again  connected  with  the  peritoneum  of  the  abdominal 
wall.  The  liver  is  contained  in  this  continuation  of  the  meso- 
gastrium to  the  anterior  wall  of  the  abdomen,  so  that  this  organ  has 
not  only  a  peritoneal  investment,  but  is  also  connected  with  the 
enteric  tube  (and  especially  the  stomach  and  the  first  part  of  the 
mid-gut),  and  with  the  ventral  wall  of  the  coelom.  As  long  as  the 
enteric  tube  retains  its  primitively  straight  course  the  relations  of  the 
mesentery  are  simple,  and  peculiarities  in  it  are  only  due  to  the 
partial  absorption  of  large  tracts,  as  is  the  case,  for  example,  in 
Fishes.  The  increased  size  also  of  the  liver  brings  about  changes  in 
the  characters  of  the  fold  which  passes  from  the  stomach  to  the 
anterior  wall  of  the  abdomen ;  this  fold,  where  it  forms  the  connection 
between  the  latter  and  the  stomach,  is  known  as  the  small  omentum. 
That  portion  of  it  which  extends  to  the  wall  of  the  body  forms  the 
suspensory  ligament  of  the  liver.  Other  changes  are  effected  in  it 
by  its  relation  to  the  diaphragm,  by  the  curvature  of  the  stomach, 
and  by  the  elongation  of  the  mid-gut,  which  cause  the  mesentery  to 
be  arranged  in  frill-like  folds.  These  relations  are  seen  as  early  as 
Fishes ;  they  are  still  simple  in  the  Amphibia,  and  in  the  Ophidii  and 
Saurii;  in  the  Chelonii  and  Crocodilini  they  are  especially  modified 
by  changes  in  the  form  and  position  of  the  stomach. 

The  changes  of  the  mesogastrium  are  most  considerable  in  the 
Mammalia.  As  the  stomach  alters  its  position  this  membrane  grows 
out  into  a  wide  sac  (bursa  omentalis),  which  either  hangs  down  over 
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tho  loops  of  the  raid-gut,  a^  in  most  Mammals^  or  partly  conceals  the 
stoma cli  (Rumiiiaotia), 

Tlie  moseutery  of  tho  hiud-gut  retains  its  primitive  characters  in 
Vertebrata  with  a  short  hind-gut.  When  that  portion  of  the  hind- 
gut  which  is  known  as  tho  colon  increases  in  lengthy  as  it  does  in 
tho  Mamniaha,  tlio  mesentery  or  mesocolon  accompanies  it,  and  is 
at  tho  same  time  raised  by  one  portion  as  far  as  the  root  of  the 
mosogastriiim  so  that  the  two  arise  close  together.  This  gives  rise 
to  that  gradnal  connection  between  the  mesocolon  and  the  posterior 
fold  of  the  mesogastrium,  which  is  seen  in  the  Primates,  and  which 
ends  with  the  condition  seen  in  Man^  where  a  portion  of  the  colon 
(C.  trans versum)  is  enclosed  in  the  hinder  wall  of  the  omental  sac. 
At  the  same  time  the  anterior  and  posterior  walls  of  the  omental 
sac  grow  out,  so  that  the  great  omentum  is  tormedj  which  consists 
of  four  lamcllaj  of  the  peritoneum. 


Pnenmatic  Organs  of  the  Enteric  Tube. 
$  423. 

As  the  enteric  tube  is  the  road  for  everything  that  is  taken  in 
from  the  exterior,  the  water  which  seryes  in  respiration  as  well  as 
the  substances  that  will  be  converted  into  food  in  the  organism,  so, 
too,  tJie  enteric  tract  may  take  in  air,  which  is  collected  in  special 
spaces  which  are  differentiated  from  it,  and  which,  therefore,  repre- 
sent portions  of  the  pnmitive  enteric  tube.  This  ingestion  of  air 
leads  us  to  suppose  that  sometimes,  at  any  rate,  the  animal  came  to 
the  em'face  of  the  water;  indicating  a  not  unimportant  stage 
between  those  in  which  life  was  passed  in  water  exclusively,  and 
those  in  which  life  was  also  possible  out  of  this  medium. 

The  organs  which  are  formed  when  air  is  taken  in  are  known  as 
air-bladders.  It  is  still  uncertain  what  is  the  practical  use  of 
these  organs  to  the  whole  organism,  but,  as  they  are  found  in  so 
many  forms,  they  must  be  regarded  as  important  parts.  The  arrange* 
ment  of  air-spaces  in  the  body  of  aquatic  animals  must  have  some 
influence  on  the  specific  gravity  of  their  bodies,  so  that  there  is 
good  reason  for  supposing  that  these  organs  have  a  hydrostatic 
function. 

A  great  change  occurs  in  this  character  when  the  relations  of 
the  circulatory  system  are  changed.  The  organs  have  a  respiratory 
function,  for  the  air  in  them  exchanges  its  gases  with  those  in  the 
blood  which  is  bronght  to  the  wall  of  the  organ,  so  that  the  blood 
which  passes  away  from  it  is  richer  in  oxygen.  The  organ,  there- 
fore, becomes  one  of  the  respiratory  organs,  and  is  called  the  king. 
The  first  point  in  this  metamorphosis  is  not  the  change  which  has 
occurred  in  tho  blood -vascular  system,  but  rather  the  commence- 
ment of  an  exchange  of  the  gases  in  the  blood  of  the  walls  of  the 
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orgarij  and  the  air  contained  in  the  organ  itself.  Thiii  must  happen 
wlieuever  tho  blood  brought  to  the  organ  is  leas  rich  in  oxygen  than 
the  air  in  tlio  organ*  The  changes  in  the  vascular  system  do  not 
ocenr  till  this  has  happened* 

The  pneumatic  organs  of  the  enteric  tube  are  divided,  therefore, 
into  two  series  which  are  f unctionalJy  very  differentj  though  morpho- 
logically homologous,  and  each  series  undergoes  a  large  number  of 
difEerentiations. 


a)  Air-Bladder, 
§  424, 

This  organ  is  not  found  in  Amphioxus,  nor  in  the  Cyclostomata. 
In  some  Sharks  {Galena,  Mustelus,  Acanthias)  there  is  a  diverticulum 
of  the  dorsal  wall  which  opens  into  the  pharynx^  and  which  may  bo 
i*egarded  as  the  rudiment  of  an  air-bladder.  All  the  Ganoldei,  and 
very  many  of  the  Teleostei,  have  air-bladders.  If  we  examine  tho 
arrangements  which  obtain  in  the  Ganoldei  more  closelyj  we  find 
that  there  is  a  single  or  paired  sac,  which  is  connected  with  the 
pharynx  by  an  air-duct  of  varying  length.  This  opens  on  to  the 
upper  wall  of  the  fore-gut,  and,  generally,  at  the  same  point  as  that 
at  which  we  find  the  short  cmcal  sac  in  the  Selachii.  In  Acipenser 
the  opening  is  placed  very  far  back,  and  the  air-bladder  is  connected 
with  the  stomach.  In  Polypterus  we  find  a  paired  air-bladder 
(Fig.  321,  J),  which  opens  on  to  the  ventral  wall  of  the  ceaophagus  ; 
in  Lepidosteus  it  is  placed  on  the  dorsal  surface,  and,  though  single 
externally,  is  divided  into  two  longitudinal  halves  by  the  trabecula9 
which  traverse  it,  and  each  of  these  halves  is  again  divided  into 
smaller  cellular  cavities  by  a  number  of  processes  and  bars;  the 
inner  surface  is  thereby  greatly  increased  in  size.  In  Amia,  also, 
the  cellular  air-bladder  is  divided  by  a  fold,  and  is  continued 
anteriorly  into  two  short  comua.  In  the  three  last-mentioned 
Ganoids  the  bladder  opens  into  the  enteron  by  a  short  and  some- 
what narrow  air-duct  which  leads  to  a  longitudinal  cleft.  Even  in 
the  Ganoldei,  therefore,  there  are  great  variations  in  the  characters 
of  the  air-bladder,  and  their  significance  must  be  estimated  in  rela- 
tion to  tho  fact  that  this  division  now  consists  of  but  few  living 
forms*  It  is  very  significant  that  in  the  various  stages  of  the 
air-bladder  in  the  GanoTdei  all  the  essential  arrangements  are 
recognisable  which  are  presented  by  this  organ,  either  under  the 
form  of  the  air-bladder  of  the  Teleostei,  or  the  lung  of  the  higher 
Vertebra  tar. 

In  one  division  of  the  Teleostei  the  air- duct  is  persistent  (Phy- 
sostomi);  in  the  rest  it  is  developed  for  a  time  only,  for  it  disappears 
again  after  the  development  of  the  air-bladder  (Physoklisti) ;  in 
many,  finally,  the  air-bladder  ceases  to  be  developed.  This  last 
character  is,   moreover,  very  variable,   even  within  the  limits 
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single  genera.    Thus,  some  species  of  the  genus  Scomber  do,  and 
others  do  not,  possess  an  air-bladder. 

There  are  great  variations  in  the  mode  of  connection  between 
the  air-duct  and  the  gut.  It  may  open  at  the  sides,  or  above, 
and  in  all  regions  of  the  fore-gut  from  the  pharynx  as  far  as  the 
end  of  the  stomach.  It  varies  very  greatly  in  form  also.  In  the 
Cyprinoids  it  is  divided  transversely  into  two  portions  which  lie 
one  behind  the  other,  the  air-duct  being  given  ofE  from  the  hinder 
one  (cf.  Fig.  301,  m  n).  In  others  there  are  lateral  diverticula, 
which  may  become  simple  or  branched  processes  (Fig.  821,  JB  0  a). 

The  air-duct,  which  is 
often  very  narrow  and 
long  in  the  Physostomi, 
is  ill  adapted  for  the 
passage  of  air;  in  the 
Physoklisti  air  cannot  of 
course  be  taken  in  in 
this  way.  In  the  latter, 
therefore,  the  air  in  the 
air-bladder  must  be  re- 
garded as  secreted  from 
the  walls  of  the  bladder, 
while  in  many  Physos- 
tomi the  air-duct  can 
only  serve  as  an  occa- 
sional outlet  for  this  air. 
In  texture  the  walls  of 
the  organs  resemble  those 
of  the  gut,  but  there 
are  at  the  same  time  a 
number  of  special  dif- 
ferentiations which  it  is 
beyond  our  purpose  to 
speak  of  here.  The  various  adaptations  of  the  air-bladder  to  other 
organs,  as,  for  example,  its  connection  with  the  auditory  organs  of 
many  Physostomi,  are  differentiations  of  this  kind  (cf.  supril,  §  100). 
In  the  DipnoY  the  air-bladder  is  more  lung-like  in  character. 
Although  in  its  external  characters  the  organ  is  just  like  an  air- 
bladder,  yet  there  is  an  essential  difference  owing  to  the  presence  on 
it  of  afferent  veins  and  efferent  arteries ;  and,  owing  to  this  change, 
the  air-bladder  is  henceforward  to  be  regarded  as  a  respiratory 
organ.  In  Ceratodus,  where,  indeed,  it  only  occasionally  functions 
as  a  lung,  it  is  formed  of  a  single  sac,  which  extends  along  the 
whole  of  the  dorsal  region  of  the  coelom,  and  presents  indications 
merely  of  longitudinal  division;  in  Lepidosiren  and  Protopterus 
it  is  divided  into  two  halves. 


Fig.  821.  Various  forms  of  air-bladders.  A  Of 
Polypterus  bichir  (after  J.  Mailer).  B  Of 
Johnins  lobatas.  C  Of  Corvina  trispinosa 
(after  Cavier  and  Valenciennes),  a  Appendages  of 
the  air-bladder,    h  Its  orifice. 
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b)  Lungs. 
§  425. 

As  tlie  pneumatic  organ  appended  to,  and  differentiated  from, 
tho  primitive  wall  of  the  enteron  takes  on  its  respiratory  form,  we 
meet  with  a  gradual  differentiation  of  that  portion  of  it  which  cor- 
responds to  the  ductus  pneumaticus,  and  which  gives  rise  to  air - 
passages.  These  are  the  means  of  communication  between  the 
lung  and  the  pharynx,  and  are  divided  into  several  portions  which 
take  on  new  functions ;  the  most  important 
of  these  is  an  organ  for  the  production  of 
voice.  The  limgs  themselves  are  now  paired 
organs.  This  paired  condition,  however,  is 
less  due  to  a  further  development  of  that 
division,  which  is  indicated  in  many  air- 
bladders,  or  even  to  the  completion  of  such 
division,  than  to  the  development  of  tho 
organ  in  a  manner  which  is  adapted  to  its 
position.  As  it  is  always  connected  with 
the  ventral  surface  of  the  pharynx,  it  is 
easy  to  see  how  it  is  that  an  air-carrying 
organ  developed  from  this  point  would 
grow  out  on  either  side.  When  filled 
with  air  the  two  halves  must  be  blown 
out  into  a  dorsal  position,  the  result  of 
which  must  necessarily  be  the  formation 
of  two  completely  separate  lungs,  which 
are  only  connected  together  by  the  ventral 
air-passage. 

We  have  as  the  first  point  in  the  diffe- 
rentiation of  the  trachea  a  short  wide 
canal  which  connects  the  two  lungs  with 
the  pharynx.  Ab  this  canal  increases  in 
length  it  develops,  in  its  wall,  cartila- 
^nous  organs  of  support,  and  is  divided 
into  two  branches,  which  pass  to  the 
lungs.  A  paired  and  an  unpaired  portion 
can  therefore  be  distinguished  in  the  air- 
passages.  The  supporting  organs  of  these 
canals,  which  are  generally  very  short  in 
the  Amphibia,  are  formed  by  two  lateral 
bands  of  cartilage  (Fig.  322,  A  a),  which 
are  continued  as  far  as  the  commence- 
ment of  the  lungs  (h)  (Proteus);  in  others 
(B)  the  upper  ends  (a)  of  these  two  pieces  are  separated  off  and 
form  the  groundwork  of  a  special  portion,  which  is  henceforward 


Cartilage  of  tho 
larynx  in  the  Amphibia  and 
Beptilia.  A  Of  Proteus. 
B  Of  Salamandra.  0  Of 
Bana.  D  Of  Python. 
a  Arytssnoid  cartilage. 
h  Supporting  cartilage, 
which  in  A  B  and  C  forms 
tho  skeleton  of  the  paired 
and  unpaired  portions  of  tho 
trachea;  in  ^  it  is  merely 
represented  by  the  com- 
monoement  of  the  unpaired 
portion  of  the  trachea  (after 
Henle). 
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seen  to  be  entrusted  with  the  function  of  a  yocal  organ,  and  is 
known  as  the  larynx.  Part,  therefore,  is  thus  differentiated  from 
the  rest  of  the  air-passage.  The  rest  has  very  much  the  same 
characters  in  its  unpaired  portion,  or  trachea,  and  its  paired  or 
bronchial  portion :  the  larynx  varies  much  more  considerably.  In 
the  Amphibia  the  two  cartilages  above  mentioned,  and  known  as 
the  arytoenoid  cartilages  (n),  form  a  support  for  the  two  folds  which 
bound  the  entrance  into  the  larynx.  The  change  in  the  position  of 
the  cartilages,  which  is  effected  by  muscles,  opens  and  closes  the 
entrance  into  the  larynx.  Functionally,  therefore,  they  are  of  more 
importance  than  the  more  indifferent  parts  which  have  the  character 
of  supporting  organs.  These  arytscnoid  cartilages  rest  on  the 
anterior  ends  of  the  two  longitudinal  ridges  of  cartilage,  which 
in  other  forms  are  connected  on  the  ventral  surface  by  transverse 
processes  directed  towards  one  another,  and  which  thereby  gave 
rise  in  many  Amphibia  to  an  unpaired  portion  of  the  supporting 
framework  of  the  larynx  {0  c). 

In  the  ReptiUa  the  two  longitudinal  ridges  are  more  perfectly 
connected  transversely,  but  a  low  condition  is  implied  by  their 
continuous  connection  with  the  arytaanoid  cartilages;  and  this  is 
especially  the  case  in  some  of  the  Ophidii.  In  others,  these  cartilages 
are  more  completely  separated  (D  a).  This  character  is  even  found  in 
the  Saurii,  but  in  them  the  portion  which  carries  the  ary  taanoid  carti- 
lages is  converted  into  a  circular,  and  generally  a  closed  piece.  A 
second  portion  of  the  larynx  may  then  be  distinguished,  which  forms 
the  circular  cartilage,  and  is  to  be  found  in  course  of  formation  as 
early  as  the  Amphibia  {G  c).  In  the  Chelonii  and  Crocodilini  this 
is  more  completely  separated  from  the  tracheal  skeleton,  and  its 
anterior  portion  is  considerably  widened  out.  Not  unfrequently  it  is 
possible  to  make  out  in  it  indications  of  its  connection  with  several 
rings  of  cartilage.  In  Birds,  this  circular  piece  is  made  up  of  one 
anterior  and  broader,  and  two  posterior  and  more  delicate  portions ; 
a  small  piece  is,  further,  placed  on  the  latter  and  carries  the 
aryta3noid  cartilages. 

Lastly,  in  the  Mammalia  the  large  circular  piece  of  the  Reptilia 
is  divided  into  two  portions,  for  the  anterior  upright  plate  forms  the 
thyroid  cartilage,  while  there  is  a  second  piece,  which  is  circular 
and  generally  very  massive  posteriorly  (cricoid  cartilage),  and  this 
carries  the  arytasnoid  cartilages  on  its  posterior  and  more  elevated 
portion, 

§  426. 

Other  parts,  which  serve  more  or  less  for  the  production  of  the 
voice,  are  connected  with  this  laryngeal  skeleton.  Of  these,  the  folds 
of  mucous  membrane  which  are  placed  at  the  sides  of  the  entrance 
into  the  larynx  are  worthy  of  note,  for  they  are  converted  by  tension, 
and  by  the  development  of  elastic  tissue  into  vocal  chords.  They 
enclose  a  fissure— ^the  glottis,  which  can  be  altered  in  width  owing 
to  the  attachment  of  the  vocal  chords  to  the  movable  arytenoid 
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cartilages.  These  cliords  are  found  iu  most  of  tlie  Anuraj  in  the 
Geckos  and  Chamajlcons  among  the  Sanrii^  and  in  tho  Crocodilini, 
They  are  not  found  in  the  Ophidii. 

In  Birds,  the  vocal  organ  is  placed  in  the  lower  portion  of  tho 
trachea,  and  forms  the  so-called  lower  larynx.  This  arrangement 
compensates  for  the  absence  of  vocal  chords  in  the  true  larynx. 
Among  Mammals  the  chords  are  atrophied  in  the  Cotacea  only  j  in  all 
essential  points  they  present  just  the  same  arrangements  as  in  Man. 

As  the  various  cartilaginous  pieces  are  differentiated  from  tho 
primitive  laryngo-tracheal  muscle,  muscles  are  separated  off  to  move 
the  portions  which  have  become  free.  In  the  Eeptilia  these  are 
replaced  by  a  constrictor  and  a  dilatator  muscle,  which  are  also 
present  in  a  modified  form  in  Birds.  In  the  Mammalia^  the 
musculature  is  complicated  in  comparison  with  the  simpler  arrange- 
ment found  in  Eepfciles  ;  this  is  seen  partly  in  the  number,  and  partly 
in  the  arrangement  of  the  muscles.  They  correspond  in  all  essential 
points  to  what  obtains  in  Man* 

A  process  which  hangs  over  the  entrance  to  the  larynx  from  iu 
frontr— the  epiglottis — is  merely  indicated  in  the  Eeptilia  by  a  process 
of  the  supporting  cartilage ;  this  is  sometimes  of  no  small  size.  It 
is  well  developed  in  Birds.  Many  Birds,  however,  aro  provided  with 
a  special  epiglottis,  the  cartilage  of  which  is  only  suturally  connected 
with  the  supporting  cartilage.  But  these  arrangements  never 
succeed  in  completely  covering  the  entrance  into  the  larynx.  The 
cartilage  of  the  epiglottis  is  more  completely  separated  in  the 
Mammalia,  where  it  forms  a  protective  apparatus  during  the  passage 
of  the  food  over  tho  entrance  to  the  larynx.  In  the  Sirenia  it  is 
atrophied,  while  in  the  Cetacea  it  is  converted  into  a  long  spout-liko 
piece,  which  unites  with  tho  similarly  elongated  arytoenoid  cartilages 
to  form  a  cone,  which  projects  into  the  internal  nares,  through 
which  the  air  passes  in  and  out. 

In  some  of  the  Amphibia  the  portion  of  the  air-passage  which 
commences  at  the  larynx  is  more  distinctly  divided  into  the  trachea 
and  its  two  branches,  the  bronchi;  these  pass  directly  into  the 
walls  of  the  pulmonary  sacs.  The  ends  of  the  laryngo-tracheal 
cartilages  extend  into  these,  either  in  the  fonn  of  finer  processes 
(Menobranchus,  Menopoma),  or  as  broader  pieces  which  give  off 
lateral  processes  (Bufo).  As  the  transverse  processes  grow  towards 
one  anotlier  at  the  anterior  end  of  these  ridges  (cf*  Fig.  322,  G  b), 
they  represent  the  earliest  cartilaginous  rings.  These  rings  aro 
developed  on  the  trachea  of  the  Eeptilia,  which  is  generally  long, 
and  either  are,  or  are  not  complete.  In  the  Ophidii  and  Saurii  a 
remnant  of  the  primitive  arrangement  is  indicated  by  the  connection 
of  the  rings  with  one  another  by  means  of  longitudinal  ridges. 

Tho  trachea  of  Birds  is  always  distinguished  by  its  great  length, 
and  the  rings,  which  are  generally  completely  closed,  are  always  more 
largely  differentiated.  The  two  bronchi  have  tho  same  structure* 
We  frequently  meet  with  enlargements  at  various  points  in  the 
trachea  (Natatores),  while  in  many  Birds  this  tube  does  not  keep  to 
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a  straigtt  course.  This  is  the  case  in  the  PenelopidaB,  various  Swans, 
and  in  the  Crane.  In  the  last  named  a  loop  of  the  trachea  is  even 
enclosed  in  the  sternum. 

The  most  peculiar  character  is  tho  formation  of  a  lower  larynx 
(Syrinx)  in  the  Carinatee ;  as  a  rule  this  is  formed  by  the  end  of  the 
trachea,  and  by  the  commencement  of  the  bronchi.     The  variations 

in  the  form  of  this  portion  are  due  to 
lateral  compression,  or  to  the  fusion  of 
several  rings  at  the  end  of  the  trachea; 
this  latter  is  divided  by  a  bony  ridge 
(pessulus),  which  rises  up  at  the  angle 
of  furcation  of  the  bronchi  and  forms 
the  tympanum.  A  membrane  (mem- 
brana  tympaniformis  interna),  is 
stretched,  as  if  on  a  frame,  from  the 
median  surface  of  either  bronchus  to 
the  pessulus.  The  membrana  tympa- 
niformis externa  is  stretched  between 
the  last  tracheal  and  the  first  bronchial 
ring,  or  between  a  pair  of  modified 
bronchial  rings.  In  the  male  Anatida) 
we  find  various  kinds  of  vesicular, 
and  asymmetrical  enlargements  of  the 
tympanum.  In  Singing  Birds,  a  fold, 
the  membrana  semilunaris,  projects 
inwards.  As  there  are  vocal  membranes,  which  are  elastic  folds  of 
tho  mucous  membrane,  on  either  bronchus,  a  double  glottis  is 
marked  off.  The  action  of  a  special  supply  of  muscles  varies  the 
tension  of  the  vocal  chords,  and  narrows  or  widens  the  glottides. 
Several  pairs  of  muscles  pass  into  the  trachea,  which  depress  it,  and 
relax  the  vocal  chords.  In  addition  to  these,  the  Singing  Birds  are 
distinguished  by  the  possession  of  a  muscular  apparatus,  formed  of 
five  or  six  pairs  of  muscles  (Fig.  323,  a—f). 


Fig.  323.  Lower  larynx.  Mnscalar 
organ  of  voice  of  tho  Crow. 
A  From  the  side,  B  From  in 
front,  a — f  Mascles  which  moTO 
the  lower  larynx,  g  Membrana 
tympaniformis  interna. 


§  427. 

In,  and  above  the  Amphibia  the  lungs,  which  commence  at  the 
ends  of  the  air-passages,  form  the  respiratory  organs  of  the  higher 
Vertebrata.  They  do  not  form  the  sole  organ  quite  at  once,  for  in 
all  Amphibia  there  are  branchiae  either  during  tho  larval  stage,  or 
throughout  life  (Pcrennibranchiata).  There  is  a  scries  of  similar 
differentiations  in  the  anatomical  characters  of  the  lungs,  as  in  tho 
air-passages  which  lead  to  them.  Simple  sacs  are  gradually  re- 
placed by  complicated  organs,  the  respiratory  surface  of  which  is 
continually  increased  by  the  formation  of  smaller  internal  cavities. 

Among  the  Amphibia  the  lungs  are  exactly  like  those  of  tho 
DipnoY;  in  the  Pcrennibranchiata  their  internal  cavity  has  its 
surface  only  slightly  increased.  In  Proteus  and  Menobranchus 
they  are  formed  of  simple,  but  very  long  tubes,  which  are  slightly 
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widened  out  anteriorly,  but  always  end  in  an  enlargement.  The 
plexiform  processes  in  the  walls  of  the  lung  of  Cryptobranchus  are 
more  considerable,  but  they  are  very  small  in  Triton.  This  is 
frequently  the  case  also  in  the  other  Salamandrina,  but  in  the 
Anura  they  are  divided  into  smaller  spaces  by  a  close-set  network. 
The  lung  is  thereby  enabled  to  expose  a  larger  quantity  of  blood  for 
the  exchange  of  gas.  This  relation  is  still  more  complete  in  the 
Reptilia.  Although  many  (most  Saurii)  have  very  simple  lungs,  yet 
in  the  Ophidii,  as  well  as  in  the  Crocodilini  and  Chelonii,  each  lung 
is  divided  into  a  number  of  large  cavities,  which  again  are  divided 
into  smaller  ones  of  various  kinds.  In  the  Ophidii  the  lungs  may 
be  seen  to  be  adapted  to  the  elongated  form  of  body  and  to  be 
themselves  elongated ;  the  more  or  less  atrophied  condition  of  one 
lung  is  a  similar  adaptation.  The  elongation  of  the  lung  is  accom- 
panied by  a  peculiarity  of  the  last  portion  of  the  lung,  which  is 
generally  a  good  deal  enlarged,  gets  simpler  in  structure  and  loses 
its  respiratory  function.  Similar  portions,  which  have  lost  their 
respiratory  function,  may  be  seen  in  the  Saurii.  As  in  the  Ophidii, 
the  most  anterior  portion,  or  that  which  is  above  the  point  at 
which  they  are  connected  with  the  air-passages,  carries  a  more 
closely-set  meshwork,  while  the  hinder  end  has  its  internal  surface 
less  largely  increased.  In  the  Chamaaleons  special  caacal  tubes 
are  given  off  from  this  portion,  and  project  far  into  the  coelom. 
They  are  rudiments  of  an  arrangement  which  has  other  functional 
relations  in  the  Birds. 

In  Birds  conical  prolongations  are  developed  on  the  surface  of 
the  lung  during  the  embryonic  period,  and  these  become  con- 
nected with  other  organs  and  form  cavities  for  the  passage  of 
air.  In  the  adult  this  pneumatic  apparatus  is  formed  of  mem- 
branous sacs  embedded  between  the  viscera,  or  of  tubes  which 
extend  into  parts  of  the  skeleton.  In  the  latter  case  air-cavities 
take  the  place  of  the  medulla,  which  disappears,  and  so  diminish 
permanently  the  specific  gravity  of  the  animal.  In  the  same  way, 
the  specific  gravity  of  the  animal  may  be  diminished  at  will  by 
the  blowing  out  of  the  sacs  between  the  viscera,  and  this,  like  the 
other  arrangement,  is  of  assistance  in  flight. 

As  to  their  minute  structure,  the  lungs  of  Birds  have  their  finest 
cavities  connected  with  one  another.  The  parenchyma  of  the  lung 
is  spongy.  In  the  Mammalia  the  lobate  arrangement  is  continued 
into  the  smallest  portions  of  the  lungs,  while  larger  lobes  may  be 
made  out  externally. 

There  are  greater  peculiarities  in  the  position  of  the  lungs.  In 
the  Amphibia,  and  in  the  Saurii  and  Ophidii,  they  project  into  the 
coelom.  In  the  Chelonii  and  Aves  they  are  placed  on  the  dorsal 
wall  of  the  thorax,  and  are  invested  anteriorly  by  the  peritoneum. 
In  the  Crocodilini  each  lung  is  placed  in  a  serous  sac,  by  which  it  is 
invested.  The  same  is  the  case  in  the  Mammalia,  where  the  lungs, 
which  are  covered  by  a  pleural  investment,  occupy  the  lateral  halves 
of  the  thoracic  cavity. 
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Ccelom. 
§  428. 

In  all  Vortebrata,  just  as  in  many  of  the  Invertebrataj  a  Iiollow 
space  is  differentiated  around  the  enteron  of  the  trunk;  tbis  is 
effected  by  the  cleavage  of  tbo  mesoderm.  It  is,  therefore,  a 
space  which  appears  in  the  middle  germinal  layer,  and  separates  the 
epithelial  lining  of  the  digestive  tract  and  the  parts  developed  from 
it  from  the  organs  differentiated  from  the  outer  germ-layer.  The 
limitation  of  this  process  of  separation  to  the  region  of  the  tmnk 
appears  to  be  correlated  with  the  formation  of  branchial  clefts  in 
the  cephalic  enteron,  for  this  prevents  any  continuation  forwards  of 
the  cleft,  at  any  rate  laterally.  A  s  in  the  Inverfcebrata,  the  ccBlom 
forms  a  cavity^  which  is  a  part  of  the  vascular  system,  in  so  far,  that 
is,  aa  the  lymphatic  portion  is  connected  with  it.  The  dii'ect  com- 
niuuication  with  the  exterior  which  obtains  in  many  Invertobrata 
IS  not  completely  wanting,  although  it  is  not  greatly  developed.  It 
is  represented  by  an  abdominal  pore  which  is  placed  near  the 
anus,  and  wliieh  is  generally  paired ;  this  is  seen  in  the  Cyclostoma 
and  among  Gnathostoma  also,  in  the  Selachii,  Chimien©,  Ceratodus, 
and  many  Teleostei ;  it  is  last  seen  in  the  peritoneal  canals  of  tbo 
Crocodile.  In  the  Chelonii  there  are  merely  indications  of  it.  We 
Bhonld  also  note  that  there  is  a  free  communication  between  the 
coelom  and  the  excretory  apparatus,  for  a  connection  with  the  con- 
dition of  lower  organisms  is  thereby  damonstrat'ed  (vide  Excretory 
organs). 

The  whole  of  the  inner  surface  of  the  coelom  is  invested  by  a 
layer  of  epithelium,  which  is  greatly  developed  in  a  certain  region, 
where  it  forms  the  germinal  epithelium.  The  female  germinal 
glands  are  differentiated  from  this  tract.  In  the  anterior  portion  of 
the  ccelom  of  the  lower  divisions  ciliated  epithelinm  is  distributed 
over  certain  regions.  The  epithelium  of  the  ccelom  unites  with  a 
subjacent  layer  of  connective  tissue  to  form  a  special  membrane,  the 
peritoneum,  which  is  continued  on  from  the  walls  {where  it  forms 
the  parietal  layer)  to  the  parts  (viscera)  which  are  placed  in,  or 
project  into  the  coelom ;  and  these  parts  it  also  covers  (visceral 
layer). 

In  the  Ajiamnia,  the  coelom  is  a  single  cavity,  as  it  is  also  in 
most  of  the  Reptilia,  although  in  the  Crocodilini  we  may  observe 
that  an  anterior  portion  is  being  separated  from  a  hinder  one.  In 
the  Mammalia  this  separation  is  complete.  The  diaphragm  separates 
tho  hinder  portion  of  the  coelom,  or  abdominal  cavity,  from  an 
anterior  one,  which  contains  tbo  two  lungs,  and  which  is  divided  into 
two  lateral  halves  (pleural  cavities),  which  contabi  the  lungs,  by  a 
median  wall  or  partition,  which  contains  the  pericardium. 
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Vascular  System. 
§  429. 

The  nutrient  fluid  of  the  Vertebrata  moves  along  closed  canals, 
which  have  proper  walls ;  it  is  very  rarely  that  this  tract  becomes 
lacunar  in  chAracter.  In  this  point  it  differs  from  the  arrangements 
which  obtain  in  the  Mollusca,  though  it  is  more  nearly  similar  to  those 
of  the  Vermes.  Its  cavities  form  a  system  of  canals— a  vascular 
system.  This  portion  is  derived  from  the  mesoderm,  which  also 
develops  the  parts  that  carry  the  vessels.  The  chief  trunks  are 
placed  in  the  middle  line,  and  give  off  branches  in  accordance  with 
the  segmentation  of  the  body ;  looked  at  in  the  broadest  way,  the 
arrangement  of  these  vessels  calls  to  mind  many  arrangements  which 
obtain  in  the  Invertebrata.  This  may  be  still  more  distinctly  peen 
in  the  relations  of  the  longitudinal  trunks  to  the  respiratory  portion 
of  the  enteric  canal.  But  there  is  a  great  difference  when  a  central 
organ  of  circulation  is  developed.  In  the  Arthropoda,  Mollusca, 
and  most  Vermes,  this  is  developed  from  a  dorsal  vessel,  or  from 
part  of  one,  but  in  the  Vertebrata  it  is  formed  from  a  ventral 
portion.  The  double  character  of  the  early  rudiment  of  the  heart, 
such  as  has  been  made  out  in  the  higher  Vertebrata  (Rabbit), 
cannot  be  referred  to  any  definite  vascular  organ,  for  none  of  the 
kind  is  known  to  us. 

There  are  considerable  differences  between  the  circulatory  centres 
of  the  nutrient  fluid  in  the  two  great  groups  of  the  Vertebrata, 
BO  that  we  must  separate  the  apparatus  which  obtains  in  Amphioxus 
from  that  of  the  Craniota.  In  the  former,  all  the  larger  vascular 
trunks  are  contractile,  and  so  call  to  mind  the  arrangements  which 
obtain  in  the  Vermes.  The  contents  of  the  vascular  system  are 
driven  on  at  various  points,  without  one  centre  being  at  all  aided  by 
the  others.  The  following  is  a  description  of  the  arrangements  of 
these  vessels.  Below  the  respiratory  portion  of  the  enteric  canal  there 
is  a  longitudinal  canal,  which  gives  off  branches,  at  regular  distances, 
to  the  branchial  framework;  these  branches  are  branchial  arteries. 
They  are  collected  into  a  trunk,  which  is  placed  above  the  gills — the 
aorta ;  and  from  this  they  are  distributed  through  the  body.  At  the 
root  of  each  branchial  artery  there  is  a  heart-like  formation,  or  con- 
tractile enlargement.  The  most  anterior  pair  of  branchial  arteries 
passes  into  two  arches,  which  are  likewise  contractile,  and  which  sur- 
round the  mouth ;  this  pair  is  connected  with  the  commencement 
of  the  aorta.  From  this  vascular  trunk  arterial  blood-vessels  are 
distributed  in  the  body. 

Our  knowledge  of  the  vessels,  which  distribute  the  blood,  is  at 
present  very  slight,  while  the  afferent  vessels  also  require  to  be 
more  accurately  investigated.  It  seems  to  be  certain,  however,  that 
there  are  contractile  tracts  in  this  portion  also  of  the  vascular 
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system.  In  any  case  tte  whole  apparatus  agrees  only  generally 
with  the  vascular  system  of  the  Craniota,  and  it  may  be  regarded 
as  an  expression  of  the  great  difference  which  there  is  between 
these  two  divisions,  as  shown  by  many  other  characters. 

The  blood-fluid  of  Amphioxus  is  colourless,  and  its  form-elements 
are  very  small,  indifferent,  cells. 

§  430. 

The  Craniota  possess  a  single  organ,  the  heart,  which  effects  the 
circulation  of  the  nutrient  fluid ;  they  are  also  distinguished  by  a 
differentiation  of  the  circulatory  vessels,  which  is  of  such  a  kind  that 
the  nutrient  fluid  itself  may  be  divided  into  two  categories.  Part 
of  the  blood  which  passes  through  the  body  into  the  tissues,  and 
which,  during  the  circulation,  filters  through  them,  is  collected  into 
special  tracts,  and  is  again  restored  to  the  principal  stream.  This 
fluid  is  the  lymph,  and  its  vessels  form  the  lymphatic  system. 
The  vessels  which  pass  directly  from  the  heart,  and  which  lead  back 
again  to  it,  form  the  blood-vascular  system.  The  lymph-vessels 
which  are  distributed  in  the  wall  of  the  enteron  take  up  the 
formative  material,  or  chyle,  which  has  been  formed  by  the  process 
of  digestion,  and  carry  it  into  the  blood-stream.  They  make  up, 
therefore,  for  the  loss  which  the  blood  has  suffered  in  conse- 
quence of  the  metastasis  which  is  continually  taking  place  in  its 
circulation  through  the  body.  The  lymphatic  system  is  an  im- 
portant part  of  the  whole  vascular  system.  That  system  gains  an 
important  step  by  this  elaboration,  and,  owing  to  its  division  into  these 
two  parts,  is  seen  to  be  more  highly  developed  than  are  the  arrange- 
ments which  obtain  in  the  Acrania,  and  in  all  the  Invertebrata. 

The  separation  of  the  nutrient  fluid  into  blood  and  lymph  is 
accompanied  by  a  differentiation  of  the  form-elements  of  these 
fluids.  Those  of  the  lymph  are  indifferent  cells,  which  are  similar 
to  the  blood-cells  of  most  Invertebrata.  The  form-elements  of  the 
blood  are,  in  their  earliest  stages  of  development,  similar  in  cha- 
racter, but  are  afterwards  converted  into  coloured  corpuscles  of  a 
definite  form,  although  this  form  is  different  in  different  divisions. 
Owing  to  their  large  quantity  they  give  the  blood  the  appearance  of 
being  coloured,  as  compared  with  the  colourless  lymph. 

In  all  points  but  their  size  the  lymph-cells  of  the  Vertebrata 
are  similar  to  one  another.  The  blood-cells,  however,  which  are 
much  more  differentiated,  differ  a  good  deal.  They  are  all  cellular 
in  character,  so  far  as  this  depends  on  the  nucleus,  although, 
indeed,  it  is  only  present  in  Mammals  during  their  fcetal  stages. 
As  a  rule,  the  blood-cells  are  flattened  and  discoid.  In  Fishes, 
Amphibia,  Reptiles,  and  Birds,  they  are  oval  and  biconvex, 
for  the  centre  of  each  surface  protrudes  slightly.  They  form 
biconcave  roonded  discs  in  the  Manmialia,  but  in  some  they  are 
oval  (e.g.  Tylopoda).  In  size,  those  of  the  DipnoY  and  Amphibia 
(espeoaUy  Proteus^  Siren^  etc.)  are  the  largest.    Owing  to  the 
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important  functions  of  the  blood-corpuscles  in  the  economy  of  the 
Vertebrata,  as  carriers  of  gases,  iheir  number,  size,  and  the  surface 
which  they  thereby  represent,  is  of  the  greatest  importance.  In 
the  higher  divisions  the  relative  quantity  of  blood  varies  but  little, 
and  there  is  not  any  great  difference  between  the  relative  volumes 
of  the  plasma  and  blood-corpuscles.  With  regard,  however,  to  the 
distribution  of  the  whole  substance  of  blood-corpuscles  in  larger  or 
smaller  form-elements,  there  is  a  great  difference  between  the  cold 
and  warm-blooded  divisions,  and,  again,  between  the  Beptilia  and 
Amphibia ;  from  this  point  of  view,  the  latter  occupy  a  much  lower 
position. 

Wblcksb,  H.,  Zeitsohr.  f .  rationelle  MecL  XX.  p.  290 ;  nnd  Aroh.  f .  Mikrosk.  YIII. 


Heart  and  Arterial  System. 
§  431. 

At  a  certain  stage  the  heart  of  all  Craniotais  formed  of  a  single 
tube.  As  it  gradudly  gets  longer  than  the  space  set  apart  for  it,  it 
is  arranged  in  an  S-shaped  loop,  and  so  takes  on  the  form  which  the 
heart  has  later  on.  As  it  changes  its  form,  it  is  divided  into  two 
parts.  The  hinder  one  receives  the  blood  and  sends  it  to  the 
anterior  one,  which  conducts  it  into  the  vascular  arches,  and  so  into 
an  arterial  trunk  which  runs  along  the  axial  skeleton,  from  which  it 
is  distributed  in  the  body.  The  first  portion  of  the  heart  is  called 
the  auricle,  the  second  the  ventricle.  A  special  cavity,  which  is 
similar  to  the  heart  when  it  is  first  formed,  encloses  the  auricle  and 
ventricle;  this  is  the  pericardial  cavity,  and  its  walls  form  the 
pericardium. 

We  find  this  simple  condition  of  the  heart  in  Fishes.  A 
ventricle  and  an  auricle  form  the  two  chief  portions.  The 
latter  receives  blood  from  a  sinus  venosus,  which  is  placed  just 
behind  it,  and  is  only  partly  outside  the  pericardium.  As  a  rule  it 
has  diverticula  on  either  side,  which  grow  out  towards  the  chamber 
in  front  of  them  (auriculsB).  The  walls  of  the  heart  vary  in  character 
according  to  their  function.  The  wall  of  the  auricle  is  provided 
with  a  very  thin  muscular  layer  which  projects  inwards  in  a  retif orm 
manner.  Its  only  function  is  to  drive  the  blood  into  the  ventricle. 
The  ventricular  wall  has  a  more  important  function,  and  is  conse- 
quently provided  with  a  powerful  network  of  muscular  bands.  This 
projects  inwards,  and  so  diminishes  the  size  of  the  proper  cavity  of 
the  ventricle.  But  this  is  made  up  for  by  the  connection  between 
the  spaces  in  the  network  of  the  ventricidar  wall  and  the  cavity  of 
the  ventricle  itself.  There  are  two  membranous  valves  at  the 
ostium  atrio-ventriculare  (Fig.  824,  o),  which  prevent  the  blood 
from  returning  to  the  auricle.  There  are  generally  as  manjr  as 
three  such  pouched  valves  at  the  ostium  arteriosum  of  the  ventricle. 

2  p 
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Tie  mechanical  arrangements  by  wMch  tho  stream  of  blood  is 
directed  are  therefore^  at  first,  eaaentially  tlie  same  at  botb  ostia  of 
the  ventricle.  The  cavity  of  the  ventricle  is 
continued  into  the  arterial  trunk  which  is 
given  off  from  it,  and  commences  by  an  en- 
largement (bulbns  arteriosns).  That  part 
of  the  ventricle  which  is  attached  to  this  bulb 
has  an  elongated  form  in  the  Selachii  and 
Chimaera?,  and  in  its  wall  the  mnsculatnre 
has  gained  a  circular  arrangement.  This 
portion  of  the  heart  is  the  conns  arte- 
riosus (B).  It  is  marked  off  from  the  bulb 
by  three  ponch-like  valves;  behind  these 
there  are  a  number  of  valves  in  the  conns 
arteriosug,  which  are  set  in  longitndinal  rows* 
There  is  a  similar  arrangement  in  all  the 
GanoYdei.  In  the  Teleostei  it  is  rarely  pos- 
sible to  distinguish  the  conns  arteriosus, 
and,  as  a  very  general  rule,  there  are  only 
two  valves  between  it  and  the  bulbus.  In 
Ceratodus  there  are  rudiments  of  two  rows  of 
valves  behind  the  four  pouched  valves  that  are 
placed  on  the  boundary  line  of  the  conns.  In 
Protopterns  there  are  longitudinal  folds  which 
foreshadow  a  division  of  the  cone. 

The  atrophy  of  the  conus  arteriosus  in  tho 
Teleostei  is  accompanied  by  a  development  of 
the  bulb,  and  the  smooth  muscular  tisane  in  its  walls  is  increased  in 
quantity.  It  thus  gets  the  appearance  of  an  independent  portion, 
which  must  not  be  confounded  with  the  conus  arteriosus.  In  all 
Fishes,  except  the  Dipnot,  the  heart  contains  venous  blood  only. 


Fig.  32*.  Heart  of 
Squatinft  vnlgarie. 
The  anterior  wall  of  tho 
ventriclo  and  of  tho 
conus  arterioBaH  is  re- 
mored.  A  Auricle, 
V  Veotriole.  B  Conui 
arteriofliifl,  o  Ost.  atrio* 
Tentricnlaro.  a  Bran* 
chiul  art^rioB. 


§  432. 

The  trunk  of  the  branchial  artery  is  placed  in  all  Fishes  below 
the  branchial  framework,  along  the  arches  of  which  it  sends  out  its 
branches.  In  the  earlier  stages  of  development  these  pass  on  each 
side  directly  into  a  longitudinal  vessel  which  runs  along  the  base  of 
the  Bkull,  and  from  which  an  artery  is  continued  forwards  to  tho 
headj  and  especially  to  the  brain  and  eye  (carotia  interna).  Pos- 
teriorly the  two  longitudinal  trunks  (roots  of  the  aorta)  are  united 
into  an  unpaired  larger  trunk— the  aorta  (cf.  Fig*  325)*  When  the 
branchial  laniellse  are  developed  on  the  branchial  arches,  a  vascular 
network  is  gradually  developed  in  them  by  tho  arteriid  arches, 
"When  this  network  is  well  developed  the  arterial  arches  disappear. 
Each  of  them  is  replaced  by  a  network  of  capillaries,  which  is 
supplied  by  a  branch  of  tho  branchial  artery,  and  which  gives  off 
an  arieryj  or  branchial  vein,  which  takes  part  in  the  formation  of 
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the  aorta.  The  blood  which  is  brought  to  the  gills  from  the 
stomach  by  the  branchial  arteries  is  venous  bloody  for  it  is  returned 
to  tfie  heart  from  the  systemic  circulation;  as  it  passes  through 
the  capillary  network  of  the  gills  it  again 
becomes  arterial  bloody  and  passes  as  such 
through  the  branchial  veins  into  the  aorta^ 
and  so  to  the  systemic  circulation. 

The  number  of  branchial  arteries  given 
off  from  the  arterial  bulb  is  the  same  as 
that  of  the  functionally  active  gills.  It 
is  largest  in  the  Cyclostomata  and  the 
Selachii.  There  are  five  pairs  in  the 
(janoYdei  also^  while  in  the  Osseous  Fishes 
it  is  only  during  the  embryonic  stage  that 
there  is  a  larger  number  (6  or  7)  of  arterial 
arches.  The  two  anterior  ones  belong  to 
the  mandibular  and  hyoid  arches^  and  have 
either  no  relations  to  the  ^Is^  or  the  gill 
of  the  hyoid  arches  is  functional  for  a  time 
only  (opercular  gill).  When  the  hinder- 
most  gill^  which  belongs  to  the  more  or  less 
rudimentary  last  branchial  arch  is  atrophied^ 
the  arterial  arches  are  reduced  to  four,  and  in  some  cases  to 
pairs. 

These  branchial  arteries  are  given  off  in  very  various  ways. 


Fig.  826. 

arterial       arohes. 
a  Branohial  artery,  a' 
c  Oarotid. 


Diagram  of  tbo 
1—5. 


Aorta. 


three 


either  arise  in  pairs  from  the 
simple  primary  trunks  which 
ends  when  it  has  given  off 
the  last  pair,  or  they  are 
given  off  on  either  side  of  a 
common  short  trunk;  this  is 
especially  well  seen  in  the 
posterior  branchial  arteries  of 
the  Selachii,  and  in  various 
Ganoids  and  Teleostei ;  or,  the 
primary  trunk  of  the  bran- 
chial artery  divides  at  its 
origin  into  two  equal  and 
lateral  branches,  from  which 


They 


Fig.  826.  Head  of  an  embryonic  Teleo. 
Btean,  with  the  mdiments  of  the  vasciilar 
BTBtem  (Diagrammatio).  a  Anriole.  v  Ven- 
tricle, abr  Branchial  artery,  e  Oarotid. 
ad  Aorta.  8  Branchial  clefts,  n  Kasal  pit. 
8V  Sinus  Tenosns.    d«  Dnctns  Gayieri. 


the  various  branchial  arteries  are  given  off  (e.g.  Bdellostoma  among 
the  Myxinoidea). 


§  433. 

The  appearance  of  lungs  is  of  the  greatest  importance  in  effect- 
ing a  change  in  these  relations,  for  they  produce  great  changes  in 
the  arrangement  of  the  lar^e  vascular  trunks  by  taking  on  the 
function  which  was  previously  performed  by  the  gills.  This  change 
affects  also  the  structure  of  the  heart ;  the  Dipnoi  afford  an  interesting 
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Fig.  827.  Aortic  arches  of 
Lepidosiren  paradoza. 
a  Trunk  of  the  branchial 
arteries.  12  3  Arterial  arches; 
the  first  two  are  united  to  form 
the  aorta,  p  Pulmonary  artery. 
h  Ductus  Botalli.  hr  Branchial 
clefts.  I)/  Accessory  gill. 
ao  Aorta,  e  Coeliac  artery. 
oe  (Esophagus  (after  Hyrtl). 


example  of  this,  for  it  is  in  them  that  the  cavities  of  the  heart 
are  first  divided.  In  Lepidosiren  a  network  of  mnscolar  bands  is 
continued  from  the  wall  oi  the  auricle  riffht  through  it,  and  forms  a 

kind  of  partition.  The  auricle  is  thereby 
divided  mto  a  right  and  left  portion,  but 
there  are  many  points  by  which  these 
two  parts  communicate  with  one  another, 
and  they  also  open  by  a  common  opening 
into  the  ventricle.  The  venous  sinus  now 
opens  into  the  right  side  of  the  auricle,  and 
a  pulmonary  vein  passes  into  the  left  side. 
The  ventricle,  also,  is  partly  divided  by 
muscular  processes;  abd,  in  correspon- 
dence with  this,  the  lumen  of  the  arterial 
bulb  is  divided  into  two  cavities,  each 
of  which  gives  rise  to  special  arteries. 
These  form  throe  vessels  which  extend 
along  the  anterior  branchial  arches ;  the 
most  anterior  on  either  side  is  connected 
with  the  second  one,  and  unites  with  its 
fellow  of  the  opposite  side  to  form  an 
aorta  {ao).  These  two  vessels  have  no 
relation  to  the  gills.  The  third  arch 
gives  rise  to  branchial  arches,  but  it  is 
also  connected  by  a  narrow  duct  (6)  with 
the  root  of  the  aorta,  and  it  is  continued  on  as  the  pulmonary 
artery  (j?).  This  arch  forms,  therefore,  a  branchio -pulmonary 
artery,  and  the  two  anterior  arches,  as  they  do  not  give  off  any 
branchial  vessels,  represent  aortic  arches. 

The  circulatory  apparatus  of  the  Amphibia  presents  the  same 
conditions.  In  most,  the  auricle  is  completely  divided,  but  in  some, 
as  in  Proteus,  it  is  not  so ;  in  Salamandra,  also,  there  is  a  hole  in  the 
septum.  The  systemic  veins  open  into  the  right,  the  pulmonary 
into  the  left  auricle.  The  ventricle  is  single,  and  there  are  indica- 
tions merely  of  a  partition.  There  are  membranous  pouched  valves 
at  the  ostium  atrio-ventriculare,  which  have  the  same  character 
as  in  Fishes.  A  muscular  arterial  bulb  (Fig.  328,  ba)  is  g^ven  off 
from  the  ventricle,  and  its  separation  into  two  parts,  which  we  saw 
commencing  in  Lepidosiren,  is  completely  effected.  At  first  it  gives 
off  as  many  as  five  pairs  of  arterial  arches,  but  these  are  reduced  to 
three  or  four.  As  in  Fishes,  a  network  of  branchial  vessels  is  de- 
veloped leading  from  the  heart.  Owing  to  this  the  arterial  arches 
are  divided  into  efferent  and  afferent  vessels;  a  branchial  artery, 
and  a  branchial  vein,  between  which  is  the  capillary  network.  The 
branchial  veins  form  the  roots  of  the  aorta. 

Each  branchial  artery  is,  however,  connected  with  its  own 
branchial  vein  by  a  ductus  arteriosus,  which  is  a  portion  of  the 
primitive  aortic  arch.  When  the  lungs  are  developed,  the  last 
branchial  artery  either  gives  off  a  twig  .to  the  pulmonary  artery. 


HEART  AND  ABTERIES  OF  VERTEBRATA. 


681 


just  as  in  Lepidosiron,  op  the  pulmonary  artery  (p)  is  continued  on 
directly  from  the  branchial  artery. 

The  disappearance  of  the  gills 
causes  certain  changes  in  some  of  the 
Amphibia,  in  this  vascular  apparatus, 
which  is  persistent  only  in  the 
Peronnibranchiata.  The  direct  con- 
nection (cf.  Fig.  328),  which  already 
exists  between  the  branchial  arteries 
and  veins,  is  developed  in  such  a  way 
that  some  of  the  arterial  arches  are 
continued  directly  from  the  heart  into 
the  roots  of  the  aorta.  The  last  arch, 
which  already  gives  off  the  pulmonary 
artery,  is  developed  into  the  trunk  of 
this  artery,  and  is  either  connected  by 
small  vessels  only  (ductus  arteriosus) 
with  the  root  of  the  aorta,  or  is  cut 
off  from  it,  and  forms  a  separate 
vessel.  In  this  way  several  arterial 
arches  are  connected  with  the  root 
of  the  aorta  just  as  in  Lepidosiren, 
while  one  of  the  primitive  vascular 
arches  is  converted  into  the  pulmonary 
artery.  The  two  kinds  of  blood  are  enabled  to  commingle,  owing 
to  the  arrangement  of  the  heart,  and  the  characters  of  the  large 
vascular  trunks. 

Bbuckk,  E.,  Denkscbr.  d.  Wien.  Acad.  I. 


Fig.  328.  Heart  and  arterial  tmnks 
of  a  larva  of  Triton,  a  Anricle. 
V  Ventricle,  ha  Arterial  bnlb. 
1 — i  Arterial  arches  ;  the  first 
three  are  the  branchial  arteries, 
c  Carotid,  p  Palmonary  s^ery, 
ao  Aorta.  vh  Branchial  yeius 
(after  M.  Bnsconi). 


§  434. 

A  great  step  in  the  differentiation  of  the  circulatory  organs  is 
seen  in  the  Beptilia,  where  the  heart  is  placed  at  a  greater  distance 
from  the  head.  It  is  gradually  moved  backwards  from  the  point  at 
which  it  is  formed,  and  is  embedded  in  the  thoracic  cavity ;  this  is 
its  position  in  all  the  Amniota.  The  ventricular  portion  is  generally 
elongated,  but  it  is  broad  in  the  Chelonii  (Fig.  330),  and  several 
Saurii.  The  two  auricles  are  always  separated  from  one  another  by 
a  septum,  as  in  the  Amphibia;  the  right  one  receives  the  systemic, 
and  the  left  the  pulmonary  veins.  The  former  is  always  the  larger. 
The  strong  muscular  wall  of  the  ventricle  is  continued  into  a  net- 
work which  diminishes  its  cavity,  just  as  in  Fishes  and  Amphibia ; 
this  is  especially  the  case  in  the  Ophidii,  Chelonii,  and  Saurii.  The 
ventricular  partition  is  chiefly  formed  by  this  network,  but  some  of 
the  muscular  bands  are  more  largely  developed.  The  right  half 
of  the  ventricle  contains  venous,  and  the  left  arterial,  blood,  so  that 
the  two  portions  can  be  distinguished.  The  incompleteness  of  the 
separation  of  the  two  cavities  is  partly,  at  least,  made  up  for  by 


582 


COMPARATIVE  AKATOlVnr. 


various  arrangements.      For  examplej  there  is  a  muacalar  prooeeSi 
which  is   able  to  partly  shut  off  the  cayity  wtich   gives   off  tha 

branchial  arteries  from  the  rest  of  the 
ventricular  cavity.  The  ventricle  is  com- 
pletely divided  in  the  Crocodilini, 

The  membranous  ralves  of  the  ostium 
atrio-ventriculare  are  greatly  developed 
in  the  right  half  of  the  heart.  In  the 
Crocodilini  there  is  only  one  of  these 
valves  on  the  right  side,  and  it  extends 
along  the  septum  of  the  ventricle;  the 
other  valve  is  replaced  by  a  process  of 
the  lateral  muscular  wall  of  this  chamber. 
The  arterial  bulb^  which  is  single  ex- 
ternally, is  apparently  given  off  from 
the  right  ventricle.  It  is,  however, 
divided  into  a  series  of  canals,  which  are 
connected  with  both  ventricles*  There 
are  pouched  valves  at  the  root  of  the 
arteries* 

Of  the  five  primitive  arterial  archeSi 
the  two  first  have  disapp oared,  and  the 
rest  undergo  various  metamorphoses  in 
the  different  divisions.  In  the  Saurii 
the  third  persists  on  both  sides,  and  is 
connected  on  the  right  with  the  fourth 
arch,  which,  like  the  two  branches  of 
the  third  arch^  is  given  off  from  the  vessel  that  arises  from  the 
left  ventricle.  The  left  half  of  the  fourth  arch  is  connected  with 
tlie  third  arch  on  its  own  side,  and  so  corresponds  to  the  right 
Ventricle,  The  fifth  arch  on  either  side  is  partly  converted  into  the 
pulmonary  arteries,  which  primitively  spring  from  it  only,  and  which 
are  given  off  from  the  trunk  of  the  pulmonary  artery  in  consequence 
of  the  differentation  of  the  primitive  aortic  bulb.  There  are,  there- 
fore, two  aortic  arches  on  either  side,  one  of  which,  the  second  on 
the  left,  conveys  venous  blood.  It  is,  however,  connected  peri- 
phemlly  with  the  other  arches,  so  that  the  two  kinds  of  blood  must 
be  mixed.  In  the  Ophidii  the  first  pair  of  arches  that  persists  in 
the  Saurii  is  not  generally  connected  with  the  second  pair,  but  the 
continuation  of  this  portion  is  converted  into  the  internal  carotid. 
In  the  Chelonii  the  right  arterial  (Fig,  330,  ad),  and  the  left  venous 
aortic  arch  (a^),  are  connected  by  a  ductus  Botalli  with  the  pulmonary 
arteries,  which  aro  developed  from  the  last  pair  of  primitive  arteries 
(pd  ps).  This  disappears  in  the  CroeodUini,  so  that  in  them  a  vessel, 
"which  gives  off  the  right  aortic  arch  and  the  carotids,  arisen  from  the 
left  ventricle,  while  a  left  aortic  arch  and  the  pulmonary  arteries 
arise  from  the  right  ventricle.  The  primitive  connection  between 
these  vascular  trunks  is  retained  in  the  arterial  bulb  of  the  Crocodilinij 
where  the  foramen  Panizzse  is  the  means  of  communication  between 


Fig*  329.  Iloari  aod  arteries 
of  an  Ophidian  (Boa), 
d  Bight,  s  Left  auricle. 
c  Carotid,  ad  Eigbt,  as  LgU 
aorbto  mch.  p  FalBiouary 
artery. 
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the  arterial  and  venous  trunks.  The  two  kinds  of  blood  are  not, 
however,  able  to  commingle  to  any  great  extent. 

The  vascular  apparatus  of  Birds  is  very  closely  similar  to  that  of 
Reptiles,  and  especially  of  the  Cro- 
codilini.  But  there  is  this  considerable 
advance,  viz.  that  the  arterial  and  venous 
blood  are  completely  separated  in  the 
heart,  as  well  as  in  the  great  arterial 
trunks.  The  auricles  of  the  heart  appear 
to  be  smaller  owing  to  the  smaller  size 
of  their  anterior  (ventral)  portion.  The 
musculature  of  the  wall  of  the  ventricle 
is  greatly  thickened,  especially  on  the 
left  side.  The  right  ventricle  is  folded 
around  the  greater  part  of  the  left  one. 
The  atrio-ventricular  valve  of  the  right 
ventricle  is  formed  by  a  muscular  ridge 
(muscular  valve)  which  projects  from  the 
wall  of  the  ventricle,  and  surrounds  the 
ostium  peripherally;  the  second  or  mem- 
branous valve,  which  is  found  in  the 
CrocodUini,  is  but  seldom  represented, 
even  in  rudiment.  At  the  left  ostium 
there  is  a  valve  which  is  connected  with 
the  wall  of  the  ventricle  by  tendinous 

fibres.  The  arterial  arches  are  reduced  in  much  the  same  way  as 
in  the  Reptilia,  especially  the  Ophidii  and  Crocodilini.  But  the  left 
aortic  arch  is  not  permanently  developed.  There  is,  therefore, 
merely  a  single  right  aortic  arch,  which  arises  from  the  left  ventricle. 
Two  arterial  trunks,  art.  brachiocephalic8B,  are  g^ven  off  with  it ; 
these  are  divided  into  a  common  carotid,  and  a  subclavian.  In 
some  Raptores  there  is  a  permanent  remnant  of  a  left  aortic  arch, 
in  the  form  of  a  ligamentous  chord ;  this  indicates  the  course  taken 
by  the  vessel.  The  pulmonary  artery,  which  is  derived  from  tho 
last  of  the  primitive  aortic  arches,  is  consequently  the  only  arterial 
trunk  which  is  given  off  from  the  right  ventricle. 


Fig.  880.     Heart  and  arterial 

tranks     of     a     Ghelonian 

(Ghelydra).  The  letters  as  in 

the  previons  fig^ore. 


Fritsch,    G.,  Zur  vergl.  Anatomie  der  Amphibienherzen. 
Physiolog,  1869. 


Arch.  f.  Anat.  u. 


§  435. 

The  heai-t  of  the  Mammalia  resembles  that  of  the  Birds  in 
having  its  two  halves  completely  separated;  but  there  is  a  great 
difference  in  its  structure,  and  in  the  arrangement  of  the  great 
vessels.  It  is  in  rudiment  only  that  there  is  any  close  similarity 
between  either  the  heart  or  the  general  arterial  system,  which,  as  in 
Birds,  is  derived  from  a  number  of  paired  arches.  During  the 
embryonic  stage  the  two  auricles  communicate ;  in  the  Marsupialia 
this  is  effected  by  a  narrow  slit,  and  in  the  placental  Mammals  by  a 
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larger  space  {foramen  ovale)*  Owiog  to  this  connectioiij  tlie  blood 
which  passes  into  the  right  ventricle  from  the  umbilical  vein  through 
the  vena  cava  inferior,  is  able  to  pass  into  the  left  veotriclej  whence 
it  m  distributed  through  the  body  by  the  aortxi.  In  the  Mono- 
del  phia  this  opening  is  gradually  closed  by  the  forward  growth  of  a 
w^all,  OF  partition,  towards  the  left  aaricle  {valvula  forarainis  ovah*s); 
after  birth,  therefore,  the  two  auricles  are  completely  separated. 
The  boundary  of  the  primitive  foramen  ovale  may,  even  later,  be  seen 
as  a  ch^cular  process.  The  most  anterior  (ventral)  portion  of  each 
of  tho  two  auricles  in  the  Mammalia  forms  a  small  prolongation, 
Avhich  has  a  diiferent  form  on  either  side,  tho  "  appendages  of 
the  auricles/^  They  correspond  to  tho  greater  part  of  the  auricles 
of  the  lower  classes,  for  the  hinder  portion  of  the  cavity  of  the 
auricles,  on  the  right  side,  at  any  rate,  is  formed  by  a  venous  sinudi 
which  iji  the  lower  forma  is  separated  from  the  auricle  (cf.  Venous 
System).  Tliese  appendages,  therefore,  in  the  Mammalia  are  the 
remnants  of  the  anterior  portion  of  the  auricle. 

The  atrio-ventricular  valves  are  much  altered  in  character.  In 
the  earliest  stages  their  place  is  taken  by  membranous  folds,  as  in 
Fishes,  Amphibia,  and  Roptilia.  The  ventricles  have  a  compara- 
tively small  cavity,  and  their  wall  is  formed  by  the  same  spongy 
muscular  tissue  as  that  which  we  have  found  in  a  well-developed  con- 
dition in  the  above-mentioned  classes.  The  bands  gradually  thicken, 
aud  part  goes  to  form  the  more  compact  cardiac  walL  That  portion 
of  this  network  which  passes  inwards  and  bounds  the  lumen  of  the 
ventricular  cavity,  and  which  is  inserted  into  the  edges  of  the 
venous  ostium,  is  connected  with  these  membranous  valves.  As 
the  free  edge  of  the  valve  ceases  to  grow,  and  as  the  only  part 
which  is  left  is  that  which  is  connected  with  the  muscular  bands,  the 
valve  becomes  intimately  connected  with  the  wall  of  the  ventricle, 
so  that  the  muscular  bands  fi-om  the  latter  pass  into  a  membrane 
which  is  given  off  from  the  ostium.  This  condition,  which  is 
transitory  in  most  Mammals,  is  permanent  in  the  right  ventricle  of 
the  Monotremata  (Ornithorhynchus).  The  rauscular  bands  which  pass 
off  from  the  wall  of  the  ventriclo  arc  continued  into  a  membranous 
valve »  In  all  other  Mammalia  this  condition  is  replaced  by  another 
one*  The  muscular  bands  are  withdrawn  towards  the  wall  of  the 
ventricle,  and  so  form  the  muscnli  papillares,  while  their  more 
anterior  portion,  which  passes  into  tho  valve,  is  represented  by  tho 
chorda)  tendinoa?.  The  rest  of  the  spongy  muscular  network  of  the 
wall  of  the  ventriclo  forms  tho  trabecuUts  camea3.  The  atrio- ven- 
tricular valves  and  the  choi^ee  tendinea?  are,  therefore,  differentia- 
tions of  the  primitivo  muscular  network,  which  was  connected 
with  the  primitive  valves.  The  similar  valves  in  the  left  ven- 
tricle of  the  Bird's  heart  ore  formed  in  just  tho  same  way.  The 
great  arterial  trunks  in  tho  Mammalia  are  dilfereutiated  from 
the  embryonic  arrangements  in  a  somewhat  different  manner.  The 
two  lli^t  arches  disappear  completely )  the  third,  as  before,  forms 
part  of  the  carotid.     The  fourth  is  continuous  on  the  right  side  with 
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the  subclavian,  while  on  the  left  it  gives  rise  to  the  aortic  arch, 
from  which  the  left  subclavian  springs  independently.  The  carotids 
and  the  right  subclavian  are  united  to  the  commencement  of  the 
aorta.  In  the  Mammalia,  therefore,  the  chief  trunk  of  the  arterial 
system  is  formed  by  a  left  aortic  arch.  The  pulmonary  artery  is 
formed  from  the  fifth  arch,  which  is  during  foetal  life  connected 
with  the  aortic  arch  of  the  left  side  by  a  ductus  arteriosus 
(ductus  Botalli).  The  blood,  therefore,  of  the  superior  vena  cava, 
which  passes  into  the  right  ventricle,  is  in  this  way  kept  away  from 
the  lungs,  and  is  carried  into  the  descending  aorta,  which  till  birth, 
therefore,  conveys  mixed  blood.  After  birth  the  communication 
between  the  pulmonary  artery  and  the  aorta  descendens  disappears, 
and  the  connecting  portion  (6)  of  this  vessel  is  converted  mto  a 
chord  (ligamentum  Botalli). 

Sabatibb,  a.,  £tados  sur  le  ooBur  et  la  circalatioii  oeatrale  dans  la  s^rie  des 
vertebras.    Montpellier,  1873. 


§  436. 

In  all  Vertebrata  the  systemic  arteries  arise,  in  their  earliest 
condition,  from  the  bulbus  arteriosus.  In  those  forms  that  breathe 
by  gills  the  system  of  arterial  arches,  which  arises  from  the  bulb 
(primitive  aortic  arches),  is,  as  has  already  been  remarked  (§  432), 
broken  up  into  the  vessels  of  the  branchial  circulation;  and  the 
system  of  systemic  arteries  is  only  derived  from  the  efferent 
branchial  vessels  (branchial  veins).  The  current  of  blood,  which  at 
first  is  sent  to  the  aorta  through  the  arterial  arches,  is  driven  into 
new  passages  when  the  gills  are  developed,  so  that  it  is  only  dis- 
tributed to  the  body  after  taking  a  roundabout  course,  which  is  due 
to  the  conditions  imposed  by  the  respiratory  process. 

In  the  Myxinoidea  almost  all  the  branchial  veins  unite  to  form  a 
subvertebral  aorta,  which  is  continued  backwards  as  the  chief  artery 
of  the  body,  but  which  is  also  continued  forwards  as  the  '^  arteria 
vertebralis  impar/'  Two  lateral  longitudinal  trunks  are  collected 
from  the  branchial  veins  in  just  the  same  way,  and  each  trunk  sends 
a  branch  anteriorly  into  the  arteria  vertebralis  impar,  while  its  other 
branch  goes  to  form  a  carotid.  The  two  carotids  divide  into  an 
external  and  an  internal  branch,  which  supply  the  head.  In  Petro- 
myzon  the  aorta  is  not  continued  forwards,  so  that  the  carotids,  which 
are  formed  in  just  the  same  way  as  in  the  Myxinoidea,  form  the  sole 
anterior  arteries.  In  the  Selachii  and  ChimeBraB,  the  aorta  is  formed 
from  a  trunk  which  is  developed  on  either  side  by  the  union  of  the 
branchial  arteries.  There  is  the  same  arrangement  in  the  Ganoldci 
and  Teleostei.  The  carotids  arise  from  the  first  branchial  vein,  or 
from  the  anterior  end  of  the  paired  arterial  trunk,  which  collects  the 
branchial  veins  on  either  side  to  form  the  roots  of  the  aorta,  and 
then  unites  with  its  fellow  of  the  opposite  side  to  form  the  aorta,  or 
enters  anteriorly  into  a  transverse  anastomosis  which  marks  off  an 
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arterial  circultis  cephHlicua  at  tho  base  of  the  skull.  A  special  optic 
artery  is  given  off  from  the  vessels  of  the  rudimentary  gill,  with 
which  a  direct  branch  of  the  first  branchial  vein  (Selachii),  or  a 
branch  of  tho  same  vessel  which  smroimda  the  body  of  tho  hyoid 
(Teleostei),  is  connected*  There  are  numerous  modifications  in  the 
mode  of  origin  and  arrangement  of  the  different  vessels,  the  most 
important  of  which  are  found  in  the  carotid  and  optic  arteries. 

ThiB  portion  of  the  vascular  system  is  aiTanged  in  a  similar 
manner  in  the  Amphibia,     In  the  Perennibranchiata  the  cephalic 

artt^ries  arise  from  the  anterior 
portion  of  the  roots  of  the  aort* ; 
in  the  Cadncibranchiata,  from 
the  first  permanent  aortic  archj 
or,  they  are  continuations  of  the 
anterior  arch  itself  (Fig,  331,  c). 
In  this  case,  an  artery  which 
goes  to  the  tongue  (/)  represents 
an  external  carotid.  After  this 
vessel  is  given  off,  there  is  a 
swelling  (c)  on  the  carotid  trunk 
in  the  Frogs  and  in  the  Sala- 
manders ;  this  is  the  so-called 
carotid  gland.  The  lumen  of 
the  vessel  is  here  traversed  by  a 
network  of  bands,  which  break 
it  up  into  a  number  of  narrower 
passages^  just  as  if  a  capillary 
network  had  been  intercalated 
in  the  course  of  an  artery.  The 
carotid  gland  appears  to  be  de- 
rived from  an  arrangement  of 
this  kind,  the  branchial  vascular 
network  not  having  been  com- 
pletely atrophied.  The  next  pair 
form  the  aortic  arches  (ad  a^), 
which  converge  backwards,  and 
finally  unite  into  an  unpaired  aortic  trunk  {«).  Each  aortic  arch 
gives  off  a  subclavian  (sd  sh).  Just  before  they  unite,  a  largo 
viisceral  artery  (m)  is  given  off  from  the  left  aorta.  The  pulmonary 
artery  represents  a  last  aortic  arch.  Before  it  goes  to  the  lungs  (p) 
it  gives  off  a  large  cutaneous  branch  (cut)^  which  ramifies  on  the 
back  and  neck  as  far  as  the  posterior  region  of  the  head,  and  affords 
a  distinct  proof  of  the  respiratory  function  of  the  integument* 

In  the  earliest  stages  of  the  Amniota  we  meet  with  many  similar 
arrangements  of  the  arterial  system.  The  internal  carotid,  which 
supplies  the  brain  and  the  eye  (Fig.  332,  A  JS,  c'),  is  seen  to  be  a 
forward  prolongation  of  tho  roots  of  the  aorta  on  either  side.  The 
external  carotid  is  a  branch  of  the  third  primitive  aortic  arch.  If 
this  arch  loses  its  connection  with  tho  fourth^  the  two  carotids  are 


Fig.  331.  Arterial  system  of  the  Fro^. 
ha  BulbnB  ftrteriofins.  c  Carotid. 
C  Carotid  gland.  I  Lingual  artery* 
ad  Right,  as  Left  aorta,  a  Aortic  tmok. 
m  Viflceral  artcr}'.  nd  Right,  ss  Left 
BubclaviuTii  oea  CEaophageal  bmncbes, 
P  Pulmonary  artery,  mi  Its  cut  an  eons 
braDches,     occ  Posterior  oepbaUo  branch. 
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given  off  on  either  side  of  a  common  trunk  (0) .  They  generally  appear 
as  two  trunks,  which  pass  along  the  sides  of  the  neck  in  company 
with  the  vagus.  In  the  Saurii  they  do  not  lose  their  connection 
with  the  next  arterial  arch,  and  retain,  therefore,  their  primitive 
relations.  In  many  Ophidii  the  right  common  carotid  is  atrophied, 
and  may  even  completely  disappear. 


Fig.  832.  Development  of  the  great  arterial  vasonlar  tmnks,  as  seen  in  the  embryoes, 
AOf  tk  Heptile  (Lizard),  B  Of  a  Bird  (Fowl),  and  C  Of  a  Mammal  (Pig).  The 
two  first  pairs  of  arterial  arohes  have  disappeared  in  all  three ;  in  A  and  B  the  third, 
fourth,  and  fifth  are  still  persistent ;  in  C  the  two  last  are  alone  complete,  and  the 
third  is  no  longer  connected  with  the  fourth  pair.  A  branch  (p)  of  the  fifth  forms  the 
pulmonary  artery.  Its  trunk  from  this  point  to  the  aorta  forms  the  ductus  Botalli. 
c  Garotis  externa,  cf  Garotis  interna.  In  A  and  B  this  forms  the  anterior  prolongation 
of  the  root  of  the  aorta,  and  in  0  a  conmion  trunk  with  the  external  carotid. 
a  Auricle,  v  Ventricle,  ad  Aorta  descendens.  a  Branchial  clefts,  m  Budiment  of 
tho  fore-limbs,    n  Nasal  pit  (after  H.  Bathke). 


In  Bii'ds  also  this  artery  arises  in  company  with  a  subclavian 
from  a  common  trunk  (art.  brachiocephalica),  but  it  leaves  its 
primitive  course,  and  lies  in  the  middle  line  of  the  inferior  surface 
of  the  cervical  vertebrsB ;  on  the  left,  however,  it  retains  its  original 
course.  In  others,  again,  the  two  carotids  both  leave  their  old 
course,  and  this  leads  on  towards  that  third  form,  in  which  the 
two  closely-approximated  vessels  are  fused  together.  In  this  case 
no  part  of  the  right  carotid  runs  by  itself,  but  a  vascular  trunk 
arises  on  the  left  side,  which  runs  in  tho  middle  line,  and  which 
passes  to  the  head,  under  the  name  of  the  primary  carotid.  Many 
Birds  have  this  character  in  common  with  the  Crocodilini.  A  single 
carotid  trunk  (Fig.  329,  c),  which  obtains  in  the  Ophidii  and  various 
Saurii,  must  be  regarded  as  differing  from  this,  although  it  also 
passes  into  two  cephalic  arteries  anteriorly.  This  arrangement  is 
due  to  the  approximation  of  the  points  of  origin  of  the  two  carotids 
on  the  right  aortic  arch.  A  common  arterial  trunk  is  given  off  from 
the  united  point  of  origin.  Another  peculiarity  is  the  presence  of 
an  unpaired  subvertebral  artery,  which  runs  forward  from  the  right 
aortic  arch  along  the  vertebral  column  (Fig.  329,  sv). 
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There  are  various  kinds  of  modificationa  in  the  -Mammalia,  which 

are  due  to  similar  changes  in 
the  vascular  trunk  during  em- 
bryonic life.  Among  others 
these  specially  affect  the  ter- 
minal branches  of  the  carotids] 
the  internal  carotid,  as  in 
various  Liisards  and  Birds,  is 
not  sent  to  the  cranial  cavity 
and  sensory  organs  only. 

The  arteries  of  the  fore- 
limbs  arise  from  various  and 
very  different  points,  so  that 
transmission  appears  to  be  of 
less  importance  than  adapta- 
tion in  the  development  of 
these  vessels. 

The  trunk  of  the  aorta  is 
continued  along  the  vertebral 
column,  without  any  change 
in  character^  as  far  as  the  por- 
tion which  is  set  apart  for  the 
caudal  region — caudal  artery ; 
when  the  tail  is  shortened,  it 
forms  the  median  sacral  artery. 
When  tho  so-called  chevron 
bones  are  present,  the  terminal 

fmrtion  of  the  aorta  always 
ies  in  the  canal  formed  by 
them*  But  in  various  Fishes 
it  may  be  enclosed  in  a  canal, 
formed  by  processes  from  the 
centra  of  the  vertebrie,  in  tho 
region  of  the  trunk  also  ;  this 
is  the  case  in  the  Sturgeon, 
and  in  some  Teleostei. 

The  aorta  gives  off  arteries 
(arterise  intcrcos tales)  for  the 
metameres  in  regular  succes- 
sion, as  well  as  the  vessels 
which  go  to  tho  viscera,  and 
also  those  which  go  to  tho  hind- 
limhs,  when  these  aro  well 
developed.  In  Fishes  there 
is  ordinarily  only  one  large 
arterial  trunk  for  the  viscera 
(A.  ccelitico-mesent erica) ;  but 
in  some  there  is  a  mesenteric  artery  also.  The  aorta  gives  off  a 
larger  number  of  arteries  for  the  renal  and  generative  organs.     As 


Fi[',  333.  Heart  and  great  reescls  of  Butco 
vulgaris*  tr  Trachea,  t  Crop,  era  Com- 
ninnicQtion  between  the  air-sacfl  and  the 
lungs.  h  Bursa  Fabricii,  ao  Aortic  nrch» 
and  ArL  auoiijtiiQ  dextra.  aas  Art,  anooynift 
einistra.  ps  Art.  putmonaliB  Binistnu 
c  Carotid,  am  Visceral  artery.  vH  Com- 
moDcemeofc  of  the  inferior  vena  cava. 
vcm  Vena  cocoygoo-mescnt erica. 
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in  the  Amphibia^  the  Art.  coeliaco-mesenterica  arises  from  the  end 
of  the  left  aortic  arch  in  the  Beptilia  (Saurii^  Cholonii) ;  this  arch 
is  only  connected  by  a  narrow  tract  with  the  right  one ;  or  there 
are  several  visceral  arteries  (some  Saurii);  these  are  especially 
numerous  in  the  Ophidii^  in  consequence  of  the  elongated  form  of 
their  body.  In  the  Crocodilinii,  also^  independent  mesenteric  arteries 
are  given  ofiE  from  the  unpaired  aorta  in  company  with  the  arteries 
from  the  left  aortic  arch. 

In  Birds,  where  the  left  aorta  disappears,  the  aortic  trunk  is  the 
sole  vessel  from  which  the  visceral  arteries  are  given  off. 

In  Mammals  the  cceliac  and  superior  mesenteric  artery  are  the 
chief  arteries  of  the  enteric  canal.  In  the  placental  forms  the  inferior 
mesenteric  is  also  a  large  vessel. 

The  large  number  of  renal  arteries  found  in  Pishes  are  found  also 
in  the  Amphibia  and  in  most  Reptiles  ;  in  Birds  also  there  are  several 
renal  arteries,  the  middle  one  bemg  given  o£E  from  the  ischiac  artery. 
It  is  very  rarely  that  there  are  a  number  of  these  arteries  in  the 
Mammalia. 

The  arteries  of  the  hind-limbs  are  not  direct  branches  of  the 
posterior  aorta  until  these  parts  are  very  largely  developed.  The 
two  chief  trunks  (iliac  arteries)  of  this  region  are  not  always  the 
same.  As  is  clear  fL*om  their  topographical  relations  to  the  pelvis, 
different  branches  may  supply  the  area  of  these  arteries.  In  the 
Sauropsida  the  ischiac  are  the  chief  trunks  of  the  hinder  extremities. 
In  the  Mammalia  the  chief  trunks  are  formed  by  the  crural  artery, 
and  there  are  numerous  modifications  in  its  more  special  characters 
which  are  of  less  importance. 


Venous  System. 

§  437. 

The  venous  system  of  the  Vertebrata  exhibits  no  less  important 
phasnomena  in  the  various  modifications  that  obtain  in  it,  as  we  pass 
from  tho  Fishes  to  the  Mammalia,  than  does  the  arterial  portion  of 
the  circulatory  system.  Our  knowledge  is  in  many  points  as  yet 
incomplete.  The  blood  which  returns  to  the  heart  is,  in  Fishes, 
collected  into  four  longitudinal  trunks,  two  anterior  and  two 
posterior.  Those  of  either  side  pass  into  a  transverse  trunk  (ductus 
Cuvieri,  Fig  334,  Jc),  which  opens  with  that  of  the  opposite  side  into 
a  sinus  {av)  which  is  placed  behind  the  auricle  of  the  heart.  Tho 
anterior  pair,  which  chiefly  collects  the  venous  blood  of  the  head, 
forms  the  jugular  veins  (J),  which  are  placed  above  the  branchial 
arches;  the  hinder  pair,  which  receives  the  blood  from  the  walls 
of  the  trunk  and  from  the  renal  and  generative  organs,  forms  the 
cardinal  veins  (c);  an  unpaired  caudal  vein  runs  below  the  artery  in 
the  caudal  canal ;  in  the  Cyclostomata,  Selachii,  and  some  Teleostei, 
this  divides  into  two  branches  which  are  continued  into  the  cardinal 
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veins  of  their  own  side.  In  many  Teleostei,  this  caudal  vein  is 
continued  into  the  right  cardinal  by  a  large,  and  into  the  left 
cardinal  by  a  smaller  branch  ;  in  this  case  the 
left  cardinal  vein  is  also  smaller  than  the  right 
one.  This  leads  to  the  condition  in  which  the 
whole  of  the  caudal  vein  passes  into  the  right 
cardinal ;  this  has  been  observed  in  a  number  of 
Teleosteaos, 

As  the  caudal  vein  sends  off  bi-ftuchea  into 
the  kidneySj  which  either  break  up  completely  or 
partially  in  this  organ,  these  branches  form  the 
vense  renales  advehentea,  and  send  their  blood 
into  the  cardinal  veins  through  the  venee  reve- 
hentes*     In  this  way  the  renal  portal  system 
is  developed,     A  second  vascular  apparatus  of 
similar  character  has  its  roots  on  the  digestive 
canal ;  its  venous  blood  is  carried  to  the  liver  by 
a  trunk  which  is  known  as  the  portal  vein.     It 
is  distributed  in  this  organ,  and  is  carried  to  the 
common  venous  sinus  by  hepatic  veing^  which 
are  generally  united  into  several  trunks. 
In  this  arrangement  of  the  venous  system  in  Fishes  we  may 
distinguish  the  paired,  and  ordinarily  symmetrical,  portion  from  the 
unpaired  portion,  which  is  solely  represented  by  the  hepatic  veins. 
We  wiU  first  follow  out   the  former  in   its 
changes  throughout  the  Vertebrate  series,  for 
in  all  of  them  its  essential  characters,  at  any 
rate,  may  be  observed  in  the  early  stages  of 
development,  as  a  transmit t-ed  arrangement, 
and,  since  it  is  the  groundwork  of  the  embry- 
onic venous  system,  it  fumishea  the  starting- 
point  for  all  later  metamorphoses. 


Fig,  334.  Diagram 
of  the  primitive) 
TO  none  ay  at  em. 
j  Jogular,  c  Cardinal 
vein.  dc  DuotuB 
Ct^vieri.  h  Veoco 
hopaticoe.  sv  Bmxm 
venoBna. 


§  438, 


Fig.  335*  Anterior  por- 
tion of  tbe  venotia  flya. 
tern  of  an  embryonic 
Ophidian,  v  Ventricle, 
ha  Bui  bo  8  arterioflUB. 
t  Auricle.  DC  Dnctna 
Cnvieri.  vc  Cardinal 
veia.  lyJagular.  i^^m  Um- 
bilical vein.  1/  Primitivo 
kidney.  I  Budiment  of 
the  ittbyrinlb  (after  H, 
Eathke). 


In  the  Amphibia  and  Keptilia  the  venous 
Binng  receives  the  two  jugnlar  veins^  which 
have  the  same  area  of  origin  as  in  Fishes. 
They  persist  in  all  the  higher  Yertebrata, 
while  the  hinder  pair — the  cardioal  veins 
(Fig.  335,  vc) — -have  only  the  same  charQcters 
as  in  FisheSj  during  the  earliest  stages  of  em- 
bryonic life.  They  are  the  veins  of  the  primi- 
tive kidneys  (U),  Their  anterior  portion  is 
obliterated^  while  their  posterior  portion  re- 
ceives veins  from  other  regions,  and  forms  the  venae  renales  adve- 
hentes^  Even  before  the  disappearance  of  that  part  of  the  cardinal 
veins  which  opens  into  the  ductus  Cuvieri,  fonr  other  trunks  are 
developed  in  the  EeptDia,  which  chiefly  receive  the  intercostal  veins, 
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and  are  known  as  the  venaa  yertebrales.  The  anterior  and  posterior 
ones  on  either  side  are  united,  and  open  into  the  jugular  vein  of 
their  own  side.  Their  connection  with  the  left  jugular  disappears 
later  on,  when  the  left  vertebral  veins  develop  transverse  ana- 
stomoses, and  become  connected  with  the  right  ones,  and,  hke  them, 
open  into  the  right  jugular. 

When  the  cardinal  veins  cease  to  be  connected  with  the  ductus 
Cuvieri  they  form  prolongations  of  the  jugular  veins,  which  receive 
the  subclavians  which  come  from  the  fore-limbs,  and  are  known  as 
the  superior  venaa  cavse.  The  vertebral  veins,  which  collect  the 
blood  from  the  walls  of  the  bodj,  are  not  large  after  the  embryonic 
period,  and  they  are  generally  considerablv  atrophied.  They  cease 
to  have  a  paired  arrangement  (Ophidii),  and  the  greater  part  of  their 
area  is  occupied  by  the  vena  cava  inferior. 

We  meet  with  similar  arrangements  in  the  Birds.  A  pair  of  jugular 
veins,  which  are  often  unequally  developed,  form  the  chief  trunks 
for  the  blood  returned  from  the  anterior  parts  of  the  body.  At  the 
base  of  the  skull  they  are  generally  connected  with  one  another  by 
a  transverse  trunk,  into  which  the  veins  from  the  cervical  vertebral 
column,  as  well  as  from  the  head,  may  enter.  When  the  left 
jugular  is  atrophied,  this  transverse  trunk  forms  the  vessel  by  which 
the  blood  is  conveyed  into  the  right  jugular.  The  vertebral  veins 
are  now  inconsiderable  vessels.  The  jugulars  unite  with  the  veins 
of  the  anterior  extremities,  which  form  the  subclavians,  and  the 
trunks  thus  formed  are  again  known  as  the  superior  vensd  cavae. 
As  these  still  receive  the  posterior  vertebral  veins,  a  portion  is 
separated  off  from  them,  which  may  be  seen  to  be  derived  from  the 
transverse  trunks  (ductus  Cuvieri),  which  are  persistent  in  Fishes. 
These  vensd  cavaa,  however,  open  separately  into  the  right  auricle, 
for  the  sinus,  which  is  persistent  in  the  Beptilia,  here  forms  a  portion 


Fig.  336.     Belations  of  the  great  venons  trnnks   on   the    heart.     I  Beptile 

(Python).     II  Bird  (Saroorhamphiu).    HI   Harsapial   (Hahnatams).     IV  Pig. 

Thej  are  all  seen  from  behind.    %  Yena  oava  inferior,    b  Vena  oava  saperior  sinistra. 

d  Yena  cava  saperior  deztra.    op  Pulmonary  artery,    a  Aorta,    sv  Sinus  venosas. 


of  the  auricle  (Fig.  336,  J,  sv).  The  vertebral  veins  in  Birds  pass 
along  a  canal  which  is  enclosed  by  the  ribs,  by  which  point  they  are 
seen  not  to  be  the  same  vessels  as  the  cardinal  veins. 
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§  439. 

The  embryonic  venous  system  of  the  Mammalia  is  completely 
similar  to  that  of  the  lower  Vertebrata.  Two  jugular  veins  (Fig.  834) 
receive  the  cardinal  veins,  and  the  common  trunks  on  either  side 

{)ass  into  a  venous  sinus,  which  is  connected  with  the  auricle,  and, 
ater  on,  forms  a  part  of  the  right  one.  Two  distinct  venous  trunks 
then  open  into  this  auricle,  each  of  which  is  continued  into  an 
anterior  and  larger,  and  a  posterior  and  smaller,  trunk.  When  the 
anterior  extremities  are  developed,  the  subclavian  veins  («)  fall  into 
the  anterior  ones  (Fig.  337,  A),  and  the  two  venous  trunks  thus 
formed  are  distinguished  as  the  superior  vensB  cav8B. 

When  the  system  of  the  inferior  venaQ  cavao  is  developed,  the  area 
of  the  cardinal  veins  is  diminished,  for  part  of  the  blood  which  was  col- 

lected  by  the  cardinal 
^  veins  is  now  carried 

to  the  inferior  venss 
cav89.  The  cardinal 
veins  also  undergo  de- 
generation, owing  to 
some    of  their    roots 

!)assing  into  the  new 
ong^tudinal  trunks, 
which,  as  in  the 
Beptilia,  represent  the 
vertebral  veins,  and 
are  continued  into  the 
end  of  the  cardinal 
veins,  which  open  into 
the  ductus  Cuvieri. 
Owing  to  the  decrease 
in  the  size  of  their 
area,  these  vertebral 
veins  (Fig.  337,  i4B,v) 
appear  to  be  branches 
of  the  trunks  derived 
from  the  ductus  Cuvieri  and  the  jugular  veins,  or  superior  venas  cav8D. 
These  are  found  in  the  Monotremata,  Marsupialia,  many  Bodentia, 
and  Insectivora.  In  others,  part  of  the  area  of  the  left  superior  cava 
(J?)  is  handed  over  to  the  right  one  (cs),  owing  to  the  development 
of  a  transverse  anastomosis;  the  left  superior  vena  cava  is  now 
atrophied  (Rodentia,  Ruminantia,  Solidungula).  When  this  arrange- 
ment is  complete,  the  greater  part  of  the  trunk  of  this  vein  disap- 
pears, and  the  only  part  that  remains  is  the  terminal  portion,  which 
primitively  formed  the  left  ductus  Cuvieri,  and  which  is  placed 
between  the  left  ventricle  and  auricle  (0,  cor);  the  cardiac  veins  open 
into  it,  and  it  forms  the  sinus  of  the  coronary  vein  of  the  heart.  In 
Man,  even,  a  semilunar  fold  separates  this  sinus  from  the  true 


Fig.  887.  Diagram  of  the  primitive  paired  Teins  in 
Mammals.  A  The  vertebral  have  taken  the  place  of 
part  of  the  cardinal  veins,  which  are  indicated  by 
dotted  lines.  B  The  left  jugular  has  its  lower  portion 
atrophied,  and  its  area  is  united  with  that  of  the  right 
jnguJar  bj  a  transverse  trunk.  0  The  left  jugplar  vein 
has  completely  disappeared,  with  the  exception  of  a 
rudiment  on  the  heart,  j  Jugular.  8  Subclavian. 
C8  Vena  cava  superior,  e  Cardinal  vein,  v  Vertebral 
vein,    cor  Coronary  vein,    as  Vena  axygos. 
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coronary  vein,  whfle  the  valvula  Thebesii,  which  is  placed  at  its 
opening  into  the  right  auricle,  forms,  for  a  long  time,  the  valve  of 
the  left  superior  vena  cava.  The  right  superior  cava  is  now  the 
sole  anterior  trunk  (Cetacea,  Carnivora,  Primates). 

When  the  trunk  of  the  left  superior  vena  cava  is  reduced,  the 
cardinal  veins,  or  the  vertebral  veins  developed  in  their  area,  undergo 
great  changes.  While  in  the  first  case  they  open  into  the  vena  cava  of 
their  own  side  (A),  and  while  in  the  second  they  pass  separately  into 
the  left  side  of  the  right  auricle,  owing  to  the  development  of  a  right 
vena  cava  (B);  when  the  vascular  passage  which  leads  directly  to  the 
heart  is  reduced,  they  become  connected  with  the  right  vertebral 
vein.  The  left  vertebral  vein  is  connected  with  the  right  one  by 
transverse  anastomoses,  and  when  the  connection  between  its  upper 
end  and  the  left  superior  cava  is  broken,  it  is  converted  into  a 
vena  hemiazygos,  while  the  right  one,  which  still  retains  its 
primitive  position,  becomes  the  vena  azygos  (Fig.  339).  When 
the  two  superior  cavee  persist,  the  two  vertebral  veins  are  not,  in  all 
cases,  unchanged ;  one  trunk  often  becomes  much  larger  than  the 
other,  which  may  even  be  so  far  reduced  as  to  disappear  altogether. 
In  this  case  a  vena  azygos  receives  the  intercostal  veins  of  both 
sides ;  and  this  sometimes  opens  into  the  left,  and  sometimes  into 
the  right  superior  vena  cava,  or  even  into  the  only  one  that  is 
present,  as,  for  example,  in  the  Carnivora  (Fig.  337,  U,  az). 

In  most  Mammds  the  roots  of  the  jugulars  are  formed  of  a 
number  of  veins  from  the  external  and  internal  cephalic  regions, 
one  of  which  conducts  a  part  of  the  blood  from  the  cranial  cavity 
through  the  jugular  foramen.  It  forms  a  small  vessel  only,  for  the 
greater  part  of  this  blood  passes  out  in  a  canal  (canalis  temporalis), 
which  is  either  placed  between  the  petrosal  and  squamosal,  or  in  the 
latter  only.  When  the  foramen  jugulare  is  enlarged,  the  vein,  which 
in  other  cases  is  a  small  one,  increases  in  size,  and  gradually  becomes 
the  most  important  of  all  the  vessels  which  come  from  the  skull ;  in 
this  case  it  forms,  as  it  does  in  the  Primates,  the  internal  jugular 
vein.  The  other  veins  gradually  unite  to  form  the  external  jugular, 
which  is  the  most  important  one  in  most  Manmials. 

§  440. 

The  second  large  venous  tract  is  very  small  in  Pishes,  for  in  them 
it  is  merely  represented  by  the  hepatic  veins,  which  are  united  into 
one  or  more  trunks,  and  open  into  the  common  venous  sinus.  When 
the  tract  of  the  cardinal  veins  is  diminished  in  extent,  a  new  tract  is 
formed  in  connection  with  the  hepatic  veins — that  of  the  inferior 
vena  cava  (Amphibia).  This  venous  trunk  collects  blood  from  the 
kidneys,  and  is,  therefore,  the  vena  renalis  revehens  (Fig,  338,  A,  ci). 
The  blood  from  the  hinder  extremities  passes  into  an  iliac  vein 
{A,i),  which,  in  the  Urodela,  receives  on  either  side  a  branch  of  the 
divided  caudal  vein.  It  breaks  up  in  the  liver,  and  forms  a  vena 
renalis  advehens.    A  branch  of  the  iliac  vein  passes  to  the  middle 
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line  of  the  abdomen,  and  receives  veins  from  the  so-called  urinary 
bladder  {A,  o),  after  which  it  is  united  with  its  fellow  of  the  opposite 
side  to  form  a  single  trunk  which  passes  to  the  liver,  and  which  is 
therefore  connected  with  the  portal  system  (a) ;  this  is  the  epigastric 
(abdominal)  vein.  The  veins  of  the  digestive  canal  and  of  the  spleen 
are  united  into  a  portal  trunk j  which  breaks  up  in  the  liver. 

In  the  Reptilia  also  the  hepatic  and  the  efferent  renal  veins  form 
an  inferior  vena  cava  (B^  ci),  which  opens  into  the  common  venous 
sinus  below  the  right  superior  cava.  But  there  are  various  modifi- 
cations in  the  different  divisions  of  the  Reptilia,  and  it  is  in  the 
Saurit  and  Ophidii  only  that  there  is  any  close  similarity  to  the 
arrangement  of  the  venous  system  which  obtains  in  the  Amphibia, 
The  caudal  vein  divides  into  two  trnnka,  which  receive  the  veins  from 
the  hinder  extremities  in  the  Sanrii,  and  form  the  venae  renales 


Pigf.  3&8.  Pogtenor  portion  of  tho  vonotia  Byatem,  A  Of  the  Frog,  B  Alligator* 
C  Bird.  R  Kidneja,  e  (azygoa  trunk)  Caudal  vein,  c  Cruml,  *  Iscbiao  vein. 
V  Venn?  Tesioalea,  a  EpigastriD  (abdotDmal)  reio.  m  Vena  coccygeo-tnoflcnterica- 
ra  Vena  reoAlis  advehenB.  rr  Vena  rcnalm  re^^ehens.  ci  Vena  cftYa  inferior,  h  (in 
A  and  C)  Yena  hypogaetrictt,  (in  B)  End  of  the  epigastric  vein  in  the  liver. 


advchentes.  The  veins  of  the  vertebral  column  are  connected  with 
these.  Similar  arrangements  obtain  in  the  Crocodilinij  where  the 
candal  vein  {B,  c)  is  also  divided,  but  this  vessel  then  forms  a  transverse 
trunk  which  gives  off  the  vente  renales  advehentes  {ra).  In  all  these 
forms  the  venie  renales  revehentes  form  a  trunk  which  runs  in  front 
of  the  vertebml  column,  and  there  is  a  renal  portal  system  in  the 
kidneys ;  this  appears  to  be  absent  in  the  Chelonii  only. 

Another  venous  tract  in  the  Reptilia  is  represented  by  the  venaa 
epigastricao  sive  abdominales.  When  the allantois  is  developed, 
a  pair  of  veins  is  developed  from  the  vascular  network  that  ac- 
companies it,  and  this  primitively  opens  at  the  same  point  as  the 
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ends  of  the  dnctus  Cavieri  (Bathke :  Ring  Snake).  These  umbilical 
veins  receive  veins  from  the  abdominal  wall^  and  are  also  connected 
with  the  formation  of  the  hepatic  portal  circulation.  In  the  Ophidii 
this  umbilical  vein  disappears  after  the  veins  of  the  abdominal  wall 
which  open  into  it  have  broken  up  into  a  plexus,  but  in  the  Saurii 
the  terminal  portion  of  one  umbilical  vein  persists,  and  unites  with 
the  abdominal  veins  that  open  into  it  to  form  an  epigastric  vein ;  this 
receives  veins  from  the  urinary  bladder,  and  passes  forwards  to  the 
liver. 

In  the  Crocodilini  and  Chelonii  the  ends  of  the  umbilical  venous 
trunks  persist,  and  form,  as  they  are  continued  into  the  veins  of  the 
abdominal  wall,  a  part  of  the  epigastric  veins.  Like  the  single  veins 
in  the  Amphibia  and  Saurii  they  also  go  to  the  liver,  and,  in  the 
Crocodilini,  they  are  connected  with  branches  of  the  portal  vein.  In 
the  Chelonii,  those  of  either  side  unite  into  a  transverse  trunk,  which 
receives  the  various  venaa  intestinales,  which  are  not,  in  them,  united 
into  a  portal  venous  trunk.  In  both  cases  they  are  distributed  in  the 
liver,  and  belong  therefore  to  the  portal  venous  svstem.  In  the 
Crocodilini,  as  in  the  Chelonii,  the  epigastric  veins  (B,  a)  are  given 
off  from  the  two  branches  of  the  caudal  vein  (c),  and  receive  the 
crurals  (c) ;  they  also  receive  the  ischiac  veins  more  anteriorly.  But, 
since  in  the  Crocodilini,  the  vensa  renales  advehentes  also  arise  from 
the  caudal  vein  and  its  connection  with  the  ischiac  vein,  part  of  the 
venous  blood  from  the  hinder  portion  of  the  body  is  carried  into  the 
renal  portal  circulation,  and  the  rest  into  that  of  the  liver.  But  in 
the  Chelonii,  where  there  are  no  advehent  renal  veins,  all  the  blood 
from  the  hinder  end  of  the  body  is  carried  into  the  liver,  for  the 
vertebral  veins,  in  these  forms,  also  open  into  the  epigastric  veins. 

§  441. 

Several  of  the  veins  which  are  found  in  the  Reptilia  are  not 
permanent  structures  in  Birds.  The  inferior  vena  cava  (Fig.  338, 
0,  ei)  is  indeed  still  made  up  of  two  trunks  from  the  kidneys,  but 
these  receive  the  veins  of  the  hind-limbs  (c),  and  might  from  their 
size  be  taken  to  be  the  continuation  of  these  veins.  Two  hypo- 
gastric veins  (h)  are  connected  with  these  trunks  in  addition  to  the 
vessels  which  arise  from  the  kidneys.  They  are  united  by  a  trans- 
verse anastomosis  at  the  root  of  the  sacrum;  this  anastomosis 
receives  the  caudal  veins  (c)  from  behind,  and  gives  off  in  front  a 
vena  coccygeo-mesenterica  {m),  which  eoes  to  the  mesenteric  vein. 
This  vena  coccygeo-mesenterica  is  a  wide  trunk  in  the  Crocodilini 
also,  where  it  anastomoses  with  the  transverse  trunk,  which  unites 
the  two  branches  of  the  caudal  vein;  part  of  the  venous  blood 
from  the  tail  or  hinder  extremities  is  conducted  away  from  the  renal 
portal  circulation  by  it. 

In  the  Mammalia  there  are  no  indications  whatever  of  a  renal 
portal  system.  The  umbilical  and  omphalo-mesenteric  veins  have 
the  same  relations  as  in  Reptiles,  though  there  are  several  variations 
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ia  some,  even  of  the  larger,  trunks*  The  inferior  vena  cava  (Fig. 
339,  a),  which  collects  the  blood  from  the  kidneys  and  generative 
glands,  is  developed  very  early  j  it  accompanies  the  united  umbilical 
veins,  andj  when  the  right  one  disappears,  it  receives  the  left. 
After  the  cardinal  veins  (c)  disappear,  the  veins  of  the  pelvis  [ht/) 
are  connected  Tfvith  the  end  of  the  trunk  of  the  vena  cava,  as  are 
also  the  veins  of  the  hinder  extremities  (il),  and  the  caudals.  At  the 
time  when  the  umbilical  ia  the  largest  of  the  veins,  the  inferior  cava 
appears  to  be  merely  a  branch  of  it.  Where  the  umbilical  vein 
enters  the  liver,  the  hepat  ic  vessels  are  formed, 
while  at  tlie  same  time  similar  branches  from 
the  liver  pass  to  the  point  where  the  umbilical 
unites  with  the  vena  cava  inferior;  these  form 
the  hepatic  veins.  As  the  blood  which  is 
ret  timed  to  the  heart  from  the  umbilical  veins 
passes  through  the  liver,  that  portion  of  them 
which  lies  between  the  afferent  and  efferent 
veins  is  atrophied,  and  forms  the  ductus 
venosus  Arantii,  That  portion  of  the  omphalo- 
mesenteric vein  which  receives  the  mesenteric 
veins  is  then  converted  into  the  trunk  of  the 
portal  vein,  while  the  hepatic  branches  of  the 
umbilical  form  the  branches  of  the  portal  vein 
after  the  obUteration  of  the  ductus  Arantii. 
The  inferior  vena  cava  is  thus  converted  into 
the  chief  hinder  trunk,  into  which  open  the 
veins  of  the  pelvis,  of  the  hinder  extremities, 
of  the  reual  and  genenitive  organs,  while  the 
veins  of  the  digestive  canal  and  spleen  form 
the  portal  vein. 


Tig.  339.  Diagram  of 
tho  chief  tratikH  of 
the  venous  eyatem 
of  Man.  cs  Vi^Da  cava 
fit]  peri  or.  9  Vena  sob- 
elavia.  je  Jugnlaria  ex- 
terna, ji  Ju^taria  in- 
terna. QM  Yentk  nzygos, 
ha  Vena  hemiazygos. 
c  Intlication  of  the  car- 
dinal veins.  ci  Vena 
cava  inf.  h  Vena*  be  pa. 
tica\  r  Vetioo  renales. 
il  Vena  iliaca.  hy  Vena 
hypognstrica. 


§  442. 


The  blood-vessels  are  ordinarily  distri- 
buted in  the  body  bj  the  gradual  branching 
of  the  different  trunks,  until  at  last  the  finest 
branches  of  the  arteries  and  veins  give  rise 
to  the  capillary  system,  which  connects  the 
two  kinds  of  blood-vessela  with  one  another. 
To  say  nothing  of  the  various  special  aiTangements  in  certain  organs, 
a  somewhat  different  method  of  distribution  obtains  in  the  blood- 
vaacular  apparatus  of  several  regions  of  the  body,  A  vein  or  artery 
Buddenly  breaks  up  into  a  tuft  of  fine  branches,  which  either  do,  or 
do  not  anaston)ose,  and  which  lose  tliemselves  in  the  capillary 
system,  or  are  again  soon  collected  into  one  trunk.  This  distribution 
of  the  vessels  has  been  long  known  as  a  ret  e  m  irabile,  Its  function 
is  clearly  to  slacken  the  blood-current,  and  to  increase  the  surface  of 
the  walls  of  the  vessels,  so  that  there  must  be  a  change  in  tho  amount 
of  nutrient  fluid  diffused  by  osmosis.     If  from  this  rete  a  vascular 
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trunk  is  given  off  similar  to  the  one  tliat  was  broken  up,  it  is  called 
bipolar  or  amphicentric ;  if  the  rete  remains  broken  np,  then  it  is 
known  as  a  diffusei  unipolar^  or  monocentric  rete  nurabile.  Some- 
times arteries  only,  sometimes  veins  only  (rete  mirabile  simplex), 
sometimes  both  kinds  of  vessels  are  united  with  one  another  (reto 
mirabile  geminum  sen  conjugatum)  to  form  the  rete. 

Arterial  retia  arQ  found  in  the  pseudobranchia,  in  the  choroid  of 
the  eye  of  Fishes,  and,  in  very  various  forms,  on  the  air-bladder.  In 
Birds  and  Mammals,  retia  are  not  unfrequenUy  found  in  the  area  of 
the  carotids  and  their  branches.  They  are  very  common  on  the  limbs 
of  the  Mammalia  (Monotremata,  Edentata).  In  the  area  of  the 
visceral  arteries  there  are  both  arterial  and  venous  retia ;  thus,  in 
the  Pig,  the  mesenteric  artery  forms  an  arterial  rete.  Arterial  retia 
are  very  common  on  the  terminal  branches  of  the  renal  arteries, 
where  they  form  the  Malpighian  glomeruli,  from  which,  as  we  all 
know,  another  artery  is  given  off  to  be  distributed  in  the  capillaries 
on  the  urinary  tubules  (cf.  Fig.  343,  B). 


Lymphatic  System. 
§  443. 

The  presence  of  a  system  of  canals  connected  with  the  blood- 
vascular  system — in  which  the  nutrient  fluid,  which  has  passed  out 
from  the  capillary  portion  of  the  haomal  system,  is  conveyed  again 
to  the  blood  stream  as  lymph,  after  having  filtered  through  the 
tissues — is  an  arrangement  which  is  peculiar  to  the  organisation 
of  the  Graniota.  It  appears  to  be  correlated  with  a  high  develop- 
ment of  the  body,  for  it  is  wanting  in  Amphioxus,  and  in  embryo- 
logical  development  it  only  begins  to  appear  at  a  relatively  late 
period,  and  not  until  the  blood-vascular  system  has  been  differen- 
tiated into  its  arterial  and  venous  portion,  and  is  in  full  function. 
That  portion  of  the  lymphatic  system  which  has  its  root  on  the 
digestive  canal  is  of  especial  importance,  for  it  receives  the  chyle,  or 
nutrient  material,  which  has  been  prepared  from  the  chyme  by  the 
process  of  digestion,  and  conveys  it  to  the  blood-vessels. 

In  addition  to  the  function  of  conveying  the  lymph,  this  system 
of  canals  has  yet  another  duty,  which  complicates  its  anatomical 
relations.  The  points  at  which  the  form-elements  of  the  lymphatic 
fluid,  or  lymph-cells,  are  developed,  are  embedded  in  its  vessels ; 
these  lymph-cells  are  carried  to  the  blood,  and  are  gradually  con- 
verted into  its  form-elements. 

In  the  lower  divisions  of  the  Vertebrata  this  lymphatic  system 
has  not  much  independence,  for  its  vessels  are  chiefly  formed  of 
wide  spaces,  which  enclose  other  organs,  and  especially  arteries.  The 
sheath  of  connective  tissue  of  the  artery  also  encloses  the  lymphatic 
vessel.    The  veins  also  may  be  surrounded  by  wide  lymph-spaces ; 
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thus,  for  example^  the  abdominal  vein  of  the  Salamander  h  enclosed 
in  a  lymphatic  vessel. 

There  are^  however,  other  vessels  in  the  lower  divisions  besides 
those  which  accompanj  the  blood-vessels  —  in  the  skin,  or  on 
portions  even  of  the  digestive  canal,  or  other 
viscera.  Peripherally,  the  lymphatic  vessels 
anastomose  largely,  and  form  capillary  net- 
works or  similar  spaces.  These  gradually  give 
off  wider  spaces,  either  in  the  form  of  canals, 
or  of  Binuaes  with  irregular  boundaries,  the 
place  of  which  is  taken,  in  the  higher  Verfce- 
brata,  by  vessels  allied  in  structure  to  veins. 

Although  we  may  note  that,  as  we  pass 
from  the  lower  to  the  higher  Vertebrate,  there 
is  a  gradual  differentiation  from  spaces,  similar 
to  those  of  the  lacunar  system  of  the  InveHe- 
brata,  to  a  definitely  developed  canalicular 
system,  so  that  the  interstitial  nature  of  th© 
lymphatic  ducts  is  well  marked  at  the  periphery 
only;  nevertheless,  in  the  ccelom  we  have  an 
arrangement  which  indicates  the  origin  of  the 
lymphatic  vessels  from  a  lower  condition — for 
the  coclom  is  a  lymphatic  cavity.  In  this  point 
the  ccelom  of  the  Vertebrata  resembles  closely 
that  of  the  Invertehrata,  The  communications 
between  the  coelom  and  the  pericardial  cavity, 
which  obtain  in  various  Pishes  (Sturio,  Selachii),  ^are  indications  of 
the  same  thing ;  as  are  also  the  pleural  cavities  of  the  Mammalia, 
which  are  merely  differentiations  of  the  general  ccelom* 


Fig.  340.  Portion  of  the 
Aorta  of  a  Che  Ionian 
(Chcljdm)  Burronnded 
by  a  Ijrnpliritic  Bpftoe, 
a  Aorta,  h  Outer  waU 
of  the  IjTiiph  space, 
which  is  removed  at  h' 
BO  as  to  (3xpi>Be  the  hlood* 
yeiieeL     c  Trabeculao. 


5  444. 

In  Fishes  the  chief  trunks  have  the  form  of  lymph -sin  uses. 
There  are  generally  two  pairs  of  them,  or  one  unpaired  one  is  placed 
below  the  vertebral  column*  The  unpaired  trunk  divides  into  two 
branches.  Smaller  sinuses^  and  narrower  canals,  fonn  the  lymphatic 
vessels  which  ai-e  collected  into  these  trunks.  They  are  genei'ally 
connected  with  the  venous  system  at  two  points.  A  cranial  lym- 
phatic sinus  opens  into  the  jugular  vein  of  its  own  side,  and  two 
einnses,  which  receive  lateral  trunks^  are  connected  by  a  trans- 
verse anastomosis  with  the  caudal  vein  near  the  last  caudal 
vertebra. 

The  subvertebral  lymphatic  cavity  of  the  Amphibia  forms  a  portion 
of  the  system  which  h  about  the  same  size  aa  a  very  large  subcutaneous 
Beries  of  lymphatic  cavities,  which  are  present  in  these  animals;  in 
the  anourous  Amphibia  especially,  this  latter  series  extends  over  a 
large  portion  of  the  surface  of  the  body,  The  lymphatic  vessels  of 
the  digestive  canal  (chyle-vessels)  open  into  it>  as  do  those  of  the 
other  viscera^  while  it  is  connected  also  with  the  lymphatics  of  the 
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extremities.  In  the  Reptilia  the  subcutaneous  lymphatic  cavities 
are  more  varied  and  numerous,  and  the  system  is  more  intimately 
related  to  the  arteries ;  the  lymphatic  vessels  are  sometimes  wide 
spixces  (Fig.  340),  which  surround  the  arteries  and  are  traversed  by 
trabeciila? ;  sometiraea  they  form  plesnaea  which  accompany  these 
vessels.  When  their  trabecnlie  are  more  largely  developed,  the 
lymphatic  cavity  is  broken  up  into  several  anastomosing  canals. 
The  space  which  surrounds  the  aorta  is  broken  up,  in  the  Crocodiliui 
and  Chelonii,  into  two  trunks  which  surround  the  veins  of  tho 
anterior  extremity ;  and  lymphatic  vessels  from  the  head,  neck,  and 
extremities  open  into  them.  The  lymphatic  tTunks  of  Birds  have 
the  same  characterSj  but,  in  them,  both  the  large  trunk  in  front  of 
the  aorta  (thoracic  duct),  and  the  small  vessels  are  more  inde- 
pendent. As  in  the  Reptilia,  the  thoracic  duct  opens  into  the 
superior  venae  cavm  (vena)  brachiocephalics) .  At  the  commeo  ce- 
ment of  the  tail  tho  lymphatic  system  is  also  connected  with  the 
iachiac  veins,  or  with  the  afferent  renals,  in  which  point  they 
resemble  the  Amphibia  and  Hep  til  ia. 

In  the  Mammalia  the  walls  of  the  lymphatic  system  are  still 
more  differentiated,  although  it  often  happens  that  in  them  also  the 
sheath  of  the  arteries  bounds  the  course  of  part  of  the  lymphatic 
current.  Where  they  do  not  accompany  tho  blood-vessels  they 
form  frequent  anastomoses,  or  wide-mcshed  plexuses,  and  are  dis- 
tingTiished  by  valves,  as  are  the  same  parts  in  Birds,  The  lymphatic 
vessels  of  the  hinder  extremities,  as  well  as  the  chyle-ducts,  unite 
into  a  chief  trunk  in  the  abdomou,  which  is  rarely  paired,  and  the 
origin  of  which  is  frequently  distinguished  by  a  considerable  enlarge- 
ment (cistema  chyli).  Thence  they  are  cootinued  into  a  thoracic  duct, 
which  opens  into  the  commencement  of  the  left 
brachio- cephalic  vein;  tho  trunks  of  the  lym- 
phatics of  the  anterior  parts  of  the  body  (of  the 
head  and  anterior  extremities),  and  of  the  wall 
of  the  thorax,  open  into,  and  on  either  side  of 
the  same  vein. 

The  lymphatic  trunks  are  generally  widened 
out  near  their  opening  into  the  veins,  and  the 
wall  of  these  enlargements  is  distinguished  by 
its  muscular  investment;  it  executes  rhythmic 
contractions.  These  arrangements  are  known  as 
lymphatic  hearts.  They  have  been  occa- 
sionally observed  on  the  caudal  sinus  of  Fishes, 
but  they  are  more  accurately  known  in  the  Am- 
phibia (RanidEe)  and  Reptilia  (Chelonii)  ;  in  the 
former  they  are  found  on  both  the  anterior  and 
posterior  openings  into  the  veins,  but  in  tho 
urodelous  Amphibia  and  in  the  Reptilia  only  the 
posterior  lymphatic  hearts  have  been  made  out, 
found  also  in  the  Ratitte  {Struthio,  Casuarius),  and  some  Natatores^ 
but  in  other  Birds  they  have  no  muscular  investment,  and  form  mere 


Fig.  341.  Gaudftt 
iinufl.  a  a  Anaa* 
totnoaitig  t ran r verso 
trunk.  6  Lateral 
ve6s*?la  c,  and  oHgla 
of  the  oandal  vein 
cE.  Of  Silnrus 
glaniB  (after Hyrtl)* 

These  latter  are 
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vesicular  enlargements.     Finally,  in  the  Mammalia  snoli  structures 
do  not  seem  to  be  developed. 

§  445. 

The  apparatuses  that  produce  the  lymph-cells  are  simple  in 
Pishes,  whore  they  are  placed  in  the  course  of  the  various  lymphatics; 
the  cells  are  produced  in  the  meshes  of  reticular  connective  tissue. 
Where  more  largely  developed,  this  arrangement  gives  rise  to  local 
enlargements,  which  accompany  the  arteries,  in  consequence  of  the 
relation  between  these  vessels  and  the  lymphatics.  This  arrangement 
obtains  even  in  the  higher  Vertebrata,  although  the  cells  are  not 
always  developed  in  the  sheaths  of  the  arteries.  Follicular  enlarge- 
ments are  formed  beneath  the  mucous  membrane  of  the  enteric  canal, 
the  lymphatics  of  which  are  connected  with  these  cell-forming 
regions.  They  are  either  scattered,  or  variously  grouped  together 
(closed  glandular  follicles).  At  the  commencement  of  the  wall  of 
the  enteron  these  structures  form  the  tonsils  already  mentioned ;  in 
different  parts  of  the  mucous  membrane  of  the  mid-gut  they  are 
placed  closer  to  one  another,  and  form  the  so-called  Peyerian 
Glands,  which  are  present  in  the  Reptilia,  but  are  only  found  to 
any  great  extent  in  the  Mammalia. 

When  a  number  of  these  lymphatic  follicles  are  united  together 
they  form  larger  structures,  lymphatic  glands,  which  are  also 
placed  on  the  course  of  the  lymphatic  vessels.  In  Fishes,  Amphibia, 
and  Reptilia  there  are  not,  so  far  as  we  know,  any  true  lymphatic 
glands.  In  Birds,  also,  they  seem  to  be  confined  to  the  neck ;  it  is 
in  the  Mammalia  only  that  they  are  generally  present,  and  in  them 
they  are  found  in  other  parts  of  the  bodv,  as  well  as  in  the  chyliferous 
portion  of  the  lymphatic  system  of  the  mesentery.  In  some 
Mammals  (e.g.  Phoca,  Canis,  Delphinus)  the  mesenteric  glands  are 
united  into  a  single  mass,  the  so-called  pancreas  Aselli. 

The  Spleen  is  also  one  of  the  organs  that  form  lymph-cells; 
in  its  histological  structure  it  only  differs  from  the  lymphatic  glands 
by  the  fact  that  the  cells  formed  in  it  pass  directly  into  the  blood- 
vessels. Essentially  it  is  formed  of  a  fine  lacunar  system  inter- 
posed between  the  efferent  and  afferent  blood-vessels;  this  forms 
the  greater  part  of  the  so-called  parenchyma  of  the  spleen. 

The  spleen  is  found  in  all  Vertebrata  save  Amphioxus,  and  is 
always  placed  in  the  region  of  the  stomach,  and  generally  close  to 
the  fundus.  It  forms  an  elongated  or  rounded  organ  of  a  dark- 
red  colour,  which  is  sometimes,  as  in  various  Selachii,  broken  up 
into  a  number  of  smaller  lobules,  some  of  which  are,  in  other  cases, 
converted  into  secondary  spleens. 

§  446. 

An  organ  which  is  very  generally  present,  and  which  resembles 
the  lymphatic  glands  in  various  points  of  structure,  cannot  be 
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passed  07er^  although  its  relations  to  the  lymphatic  system  are  still 
very  uncertain ;  this  is  the  thymus.  This  is  an  organ  which  is  also 
made  up  of  glandular  follicles^  and  which  is  divided  into  larger  and 
smaller  lobes;  its  smallest  vesicles  are  filled  with  cells.  In  the 
Selachii  this  organ  is  placed  on  the  branchial  sacs^  and  between  them 
and  the  dorsal  muscles.  In  the  Sturgeon^  and  some  Teleostei^  the 
similar  follicles  that  are  found  on  the  superior  hinder  boundary  of 
the  branchial  cavity  are  regarded  as  the  same  organ.  In  the 
Amphibia  the  thymus  is  a  small  swelling,  placed  behind  the  angle  of 
the  lower  jaw.  It  has  the  same  characters  in  the  Keptilia.  In  the 
Ophidii  and  Chelonii  it  is  placed  on  the  carotid,  and  above  the  heart. 
In  the  Crocodilini,  as  in  Birds  (Fig.  312,  th),  it  extends  from  the 
pericardium  to  the  lower  jaw.  The  lower  portion  is  the  larger  in 
the  Mammalia,  so  that  it  rarely  passes  beyond  the  thoracic  cavity. 
In  all  cases  it  is  best  developed  in  early  life,  after  which  it  undergoes 
atrophy,  and  it  is  very  rarely  that  it  retains  its  earlier  size  in  the 
adult  stage  (Pinnipedia).         ___^ 

In  the  higher  divisions  of  the  Vertebrata  there  is  an  organ  which 
lies  in  front  of  the  kidneys  and  on  either  side  of  the  body ;  it  is  con- 
sequently called  the  supra-renal  gland,  but  we  have  no  information 
at  all  as  to  its  function.  In  the  Anamnia  these  structures  are  re- 
placed by  the  investment  of  the  sympathetic  ganglia  by  means  of  a 
cortical  layer  made  up  of  cell-containing  tubes ;  these  form  yellowish 
or  whitish  bodies^  and  are  scattered  over  a  larger  portion  of  the 
body,  whereas  in  the  Amuiota  they  form  a  mass  on  either  side, 
while  nerve-elements  can  be  made  out  in  their  medullary  substance. 
The  relatively  large  size  of  this  organ  during  foetal  life  is  a  note- 
worthy point.  The  function  of  these  organs  cannot  be  regarded  as 
at  all  definitely  known  ;  nor  are  we  aided  in  our  inquiry  by  classing 
it  as  one  of  the  ''  blood-vascular  glands '' — a  term  which  is  altogether 
obscure,  and  consequently  objectionable. 


Excretory  Organs. 

§  447. 

The  arrangements  which  are  found  subserving  the  purpose  of 
excretory  organs  among  the  Invertebrata  obtain  also,  in  their  most 
essential  relations,  in  the  Vertebrata,  and  are  therefore  indications 
of  the  affinity  between  the  vertebrate  phylum  and  lower  forms,  which 
in  other  morphological  details  are  very  remote.  Organs  of  this 
kind  have  as  yet  been  vainly  sought  for  in  Amphioxus ;  but  in  all 
the  Craniota  they  are  found  to  exist,  and  to  be  formed  on  the  same 
type.  The  type  has  been  obliterated  by  gradual  differentiation, 
but  it  is  revealed  by  the  study  of  individual  development.  The 
simplest  stage  is  represented  by  a  canal  which  runs  in  the  dorsal 
wall  of  the  coelom,  and  opens  to  the  exterior  posteriorly,  and  in  the 
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region  of  the  anus,  while  anteriorly  it  opens  into  the  codlom  by  an 
internal  orifice.  Although  it  is  clear  that  this  arrangement  has  much 
in  common  with  the  excretory  organs  of  the  Vermes,  yet  the  pecu- 
liarity must  not  be  overlooked,  that  although  the  vertebrate  body  is  a 
metameric  one,  this  archinephric  duct  is  not  a  metamerised organ; 
it  is  not  therefore  completely  homologous  with  the  metameric  looped 
canals  of  the  Annulate  Vermes.  It  must  consequently  be  derived 
from  a  still  lower  condition,  that  is,  from  one  in  which  the  organism 
was  not  divided  into  metameres ;  so  that  it  represents,  as  does  also 
the  unsegmented  chorda  dorsalis,  one  of  the,  phylogenetically,  oldest 
organs  of  the  Vertebrate  body. 

This  archinepliric  duct  has  been  observed  to  be  derived  from  the 
mesoderm ;  in  its  rudimentary  condition 
it  has  the  form  of  a  solid  chord  of  cells, 
or  is  difFerentiated  as  a  groove  from 
the  epithelium  of  the  peritoneal  cavity 
(Teleostei).  The  rudiments  of  the  canals 
(Fig.  342,  t)  are  derived  from  the  same 
parts ;  these,  either  permanently,  or  for 
a  time  only,  open  by  an  infundibular 
orifice  into  the  abdominal  cavity,  while 
they  are  also  connected  with  the  archi- 
nephric duct  (Selachii,  Amphibia).  They 
develop  coiled  glands  on  their  course, 
and  so  form  the  secreting  portion  of  the 
primitive  kidneys.  At  definite  points 
a  coil  of  arterial  vessels  (glomerulas) 
pushes  its  way  into  a  dilatation  of  these 
metamerically  arranged  canals,  and  gives 
rise  to  a  Malpighian  body,  lying  in  a  cap- 
sular enlargement.  This  last  arrangement 
obtains  in  all  forms  of  the  renal  organ, 
however  much  it  may  be  modified  in 
various  members  of  the  vertebrate  group. 
The  fundamental  form*  of  this  primi- 
tive kidney  must  be  regarded  as  being  a 
longitudinal  canal,  which  receives  trans- 
verse canaliculi,  which  open  by  ciliated 
inf undibula  into  the  abdominal  cavity ;  this  is  the  form  which  the 
rudimentary  apparatus  really  has  in  the  Selachii.  The  connection 
with  the  ccelom,  the  epithelial  investment  of  which  always  gives 
rise  to  a  large  portion  of  this  system,  allows  us  to  compare  it  with 
the  excretory  organs  of  many  Vermes,  and  points  to  those  distant 
forms  in  which  these  organs  are  the  sole  cavitary  organs  that  are 
developed  from  the  mesoderm  (Platyhelminthes).  The  metameric 
arrangement  of  the  open  transverse  canals  is  due  to  the  general 
metamerism  of  the  vertebrate  organism.  It  must  not,  therefore,  be 
regarded  as  the  same  as  that  of  the  looped  canals  of  the  Annelids,  or 
even  as  derived  from  it,  for  those  canals  open  to  the  exterior  on  the 


Fig.  842.  Section  of  an  Embryo 
of  PriBtinrns.  ug  Archi- 
nephric dnct.  t  Bndiment  of  a 
funnel-shaped  organ,  d  Enteron. 
m  Medullary  tnl)e.  ch  Noto- 
chord.    a  Aorta,    v  Yeins. 
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surface  of  the  metameres  themselves  (§  145),  and  not  into  a  longitu- 
dinal canal.  This  canal  is  the  part  which,  by  being  the  first  part  to 
appear  in  the  Vertebrata,  defines  the  type  of  the  whole  apparatus. 

But,  just  as  in  a  large  number  of  Invertebrata  the  excretory 
organs  partly  lose  their  function,  and  serve  as  efferent  ducts  for  the 
generative  products,  so  too  among  the  Vertebrata  do  we  meet  with 
a  process  of  this  kind,  by  which  great  changes  are  effected  in  the 
primitive  excretory  apparatus.  •  It  loses,  and  that  often  very  early 
in  life,  its  primitive  arrangement.  And  when  this  is  not  seen  in  the 
embryo,  it  must  be  regarded  as  due  to  ^ 

new,  acquired,  relations.  I       '      ^ 

§  448. 

In  the  Oyclostomata,  Teleostei,  and 
Amphibia,  a  special  portion  of  the  primi- 
tive kidney  appears  at  the  most  anterior 
end  of  the  archinephric  duct,  which  de- 
serves especial  mention,  as  it  does  not 
only  appear  earlier  than  the  rest  of  the 
primitive  kidney,  but  is  generally  sepa- 
rated by  some  distance  from  it.  This 
portion  is  made  up  of  a  small  number 
of  canaliculi,  which  commence  by  ciliated 
infundibula,  and  are  generally  set  in  a 
coil.  There  may  be  only  one  canaliculus. 
A  Malpighian  body  may  sometimes  be 
observed  on  the  canaliculi.  In  the 
Amphibia  this  pronephron  undergoes 
atrophy,  while  in  the  Amniota  it  does 
not  seem  to  be  even  rudimentarily  de- 
veloped. It  persists,  however,  in  the 
Cyclostomata,  where  it  is  provided  with 
a  tuft  of  ciliated  infandibula,  which 
project  into  the  abdominal  cavity. 

Among  the  Cyclostomata  the  primi- 
tive kidney  is  seen  at  its  simplest  in 
Bdellostoma.  An  elongated  canal  (Fig. 
343,  A  B,  a)  gives  off  short  transverse 
canaliculi  at  various  points  (6) ;  the 
blind  end  of.  which  (c)  is  constricted  off, 
and  encloses  a  glomerulus  (J5).  The 
transverse  canaUculi  form  the  secretory 
apparatus  (urinary  canaliculi) ;  the  archi- 
nephric duct  is  the  collecting  tube,  and  functions  as  the  ureter. 
In  the  Myxinoidea  and  Petromyzontes,  the  kidneys,  which  are  set 
along  the  posterior  third  of  the  ccelom,  are  larger,  but  the  urinary 
cancdiculi  have  exactly  the  same  relations.  In  both  forms  the 
ureter  takes  a  lateral  course  to  the  abdominal  pore;  but  in  the 


Fig.  348.  A  Portion  of  the 
kidney  of  Bdellostoma. 
a  Urinary  dact.  h  Urinary 
canalicnU.  c  Terminal  capsale. 
B  Portion  of  the  same  more 
highly  magnified,  a  c  As  before. 
In  c  there  is  a  glomemlas. 
d  Afferent,  e  Efferent  artery 
(after  J.  MtOler). 
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Petromyzontes  it  is  first  connected  with  the  one  on  the  opposite 
side,  to  form  an  unpaired  and  wider  portion.  We  do  not  yet  know 
its  relation  to  the  metameric  ciliated  inf  andibula. 

In  the  Selachii  the  primitive  arrangement  is  limited  to  the  early 
stages  of  development.  The  primitive  kidney  extendi  along  the 
dorsal  wall  of  the  coelom,  and  is  made  up  of  separate  canaliculi, 
which  commence  by  ciliated  infundibula  (Fig.  344,  i),  which  open 

into  the  abdominal  cavity.  Each  canal, 
after  having  broken  up  so  as  to  en- 
close a  glomerulus  (m),  is  continued 
on  into  the  archinephric  duct.  These 
canals  increase  in  length,  so  that  each 
of  them  forms  a  coiled  lobule  (r);  each 
kiduey,  therefore,  is  composed  of  a 
series  of  these  coils,  which  are  col- 
lected together  into  the  archinephric 
duct  {u).  This  duct  opens  into  the 
cloaca.  Changes  may  occur  in  the 
glandular  portion  of  these  kidneys,  as 
well  as  in  their  efferent  ducts.  The 
anterior  portion,  which  is  made  up  of 
a  number  of  lobules,  does  not  undergo 
any  very  great  development,  as  does 
part  of  the  hinder  portion.  This, 
which  is  made  up  of  a  varying,  but 
large  number  of  primitive  lobules 
(13-14  in  Acanthias),  is  converted 
into  a  larger  organ,  the  canaliculi  in 
which  may  be  seen  to  increase  in 
number  by  budding  off  new  ones. 
This  portion  retains  its  renal  function, 
while  the  anterior  part  is  atrophied, 
and,  in  the  male,  enters  into  con- 
nection with  the  generative  gland. 
The  ciliated  funnels  (nephrostomata) 
are  retained  in  some  Sharks  only ;  they  disappeal*)ip/  all  the  Rays, 
and  many  of  the  Sharks.  Where  they  are  retam9cMp'6y»are  reduced 
in  number.  .  >>'. 

Of  the  changes  which  obtain  in  the  primary  archinephric  duct 
the  most  important  is  its  division  into  two  parts.  This  commences 
at  its  anterior  end,  and  extends  backwards,  so  that  there  come  to  be 
two  canals.  One  commences  at  the  anterior  abdominal  orifice  of 
the  primary  duct,  and  has  no  further  relations  to  the  kidney.  This 
is  the  MuUerian  duct.  The  other  canal  retains  its  connection 
with  the  primitive  kidney,  and  forms  the  secondary  archinephric 
d  net.  But  even  this  portion  may  undergo  certain  changes,  inasmuch 
as  in  the  male  it  is  converted  into  the  seminal  duct.  The  efferent 
ducts  from  the  posterior  portion  of  the  kidney  are  then  collected 
into  a  common  ureter,  wmch  opens  into  the  sinus  urogenitalis,  into 


Fig.  Si-t.  Portion  of  the  kidney 
of  an  Embryo  of  Acanthias  (dia- 
gram), i  Ciliated  funnel,  m  Mai- 
pighian  body,  r  Renal  lobales. 
u  Archinephric  dact. 
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wliich,  however,  several  ureters  may  open  separately,  Iq  tlie 
feitiales,  also,  tho  efferent  duets  from  the  anterior  and  aborted 
portion  of  tlie  primitive  kidney  are  couuected  with  the  ureter. 

In  the  Ganardei  and  Teleostei  the  kidneys  have  the  same  posi- 
tion.    The  primitive  kidney  appears  to  be  considerably  increased  in 
size,  while  the  efferent  ducts  are  not  so  completely  differentiated  as 
ia  the  Selachii,  where  they  were  the  cause  of  much  complication  ;  in 
tho  Gauotdeij  liowever,  the  presence  of  a  nephrostome^  with  a  wide 
abdominal  orihco  on  the  efferent  duct,  speaks  to  the  commencement 
oE  the  process  by  which  the  Mullerian  duct 
is  differentiated;  the  ureter,  therefore,  no 
longer  corresponds  to  the  archinephric  duct. 
Iti  the  Teleostei  the  secondary  portion 
of  the  gland  first  appears  on  the  anterior 
division     of    the    archinephric    duct,    and 
fornil  that  portion  which,  in  many,  ex^tends 
far  as   thqgi||iaad    (head-kidney).      The 
ier  portioii'j"  which  is  developed  later, 
^mes  connected  with  this.     The  whole 
|ms  a  cotpjif ci^lan dular  organ,  which  is 
i|ered   by  tRe   peritoneum,  and  extends 
'along  the  vertebral  column ;   it   varies  in 
*'  sfee  in*  different  regions.    Its  differentiation 
into , 'lobes    is    generally    implied    by   the 
jgreater   development    of    certain    regions. 
/Triie  efferent  ducts  (Fig.  3  io,  /*)  either  pass 
,  along  the  anterior  surface,  or  more  to  tho 
^  sides  J  they  generally  unite  into  an  unpaired 
|Jortion,  which  opens  behind,  or  below  the 
generative  orifice.     Tho  ducts  are  widened 
•  at  dLfferent  points,  either  iu  the  common ^ 
'  ,br  in  the  separate   portions ;    these  struc- 
'^tures  function  as  "  urinary  bladders,"  but 
they    have    no    morphological    connection 
with  the  urinary  bladder    of   the  higher 
Vertebra  ta. 

The  renal  organs  of  tho  Amphibia  have 
many  points  in  common  with  those  of  the 

Selachii,  The  rudimentary  ducts  are  always  provided  with  func- 
tionally active  nephrostomata.  The  primary  uretei*s  form  lobules 
by  becoming  arranged  in  coils.  In  the  Cojcilim  they  are  all  of 
much  the  same  size,  but  in  the  Urodela  and  Anui*a  the  hinder  ones 
are  increased  iu  size  and  number,  so  that  this  portion  becomes 
much  larger  than  the  anterior  part.  The  nephrostomata,  also,  are 
greatly  increased  in  number  in  this  region,  and  are  persistent. 
In  the  Urodela  the  anterior  portion  of  the  kidneys  receives  the 
efferent  ducts  of  the  testes,  while  iu  the  Cccciliio  and  Anura 
different  parts  of  the  kidneys  are  connected  with  these  organs. 
The  primary  archinephric  duct  is  differentiated  so  as  to  give  rise 


Fig.  345.  Kidnejs  of  S  a1  mo 
lArio.  JiKidncya.  ti Ureter* 
V  Veaiciilar  enlargomoot. 
ur  Ita  efferent  duct,  rr  Vemo 
rcimleBrein^bcatQa.  tl  Ductus 
Curieri.  §  Vena  Bubclavia 
(after  Uyrt\). 
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to  a  Mullerian^  and  a  secondary  archinepliric  dnct  (Fig.  348).  The 
latter  serves  as  the  efferent  dact  of  the  kidney^  or  ureter^  in  the 
GoeciliaB^  XJrodela,  and  female  Anura^  while  in  the  males  of  many 
of  these  latter  the  primary  archinephric  dact  appears  to  retain  its 
original  function.     They  open  independently  into  the  cloaca. 

MuLLEB,  W.,  Das  Urogenltalsystem  der  Gyolostomen.  Jen.  Zeitaohr.  IX. — 
Sempxb,  0.,  Das  Urogenitalsystem  der  Plagiostomen.  Arbeiten  ans  dem 
zool.  Institnt  zn  Wfirzborg,  II.— Sfinokl,  J.  W.,  Das  TJrogemtalsTstem  der 
Amphibien.  Ibid.  III. 

[Balvoub,  F.  M.,  a  Monograph  of  the  Derelopment  of  the  Elasmobranoh  Fishes. 
London,  1878.] 

§  449. 

The  primitive  kidney  is  likewise  developed  in  the  Amniota. 
For  some  time  in  development  it  extends  through  the  ccelom,  and 

projects  into  it  from  the  dorsal 
wall  of  this  cavity.  The  archi- 
nephric duct  is  again  (Fig.  S^G^ug) 
the  first  part  to  be  developed. 
The  urinary  canalioali  (u),  which 
form  the  glandular  portion  of  the. 
organ^  open  into  it. 

The  hinder  portion  of  the 
primitive  kidney,  which  has 
always  the  same  function,  is  well 
developed  even  in  the  Selachii, 
but  still  more  so  in  some  of  the 
Amphibia;  this  is  effected  by 
the  increase  in  the  number  of 
the  urinary  canals,  and  by  the 
formation  of  special  efferent 
ducts.  These  processes  indicate 
prophetically  the  relations  of 
these  parts  in  the  Amniota.  In 
the  Reptilia  the  additional  por- 
tion of  the  urinary  canals  is 
directly  connected  with  the 
hinder  portion  of  the  primitive 
kidney  (Lacerta),  but  it  is  not 
connected  with  it  to  form  the  same,  but  a  new  organ — the  per- 
manent kidnev.  For  a  long  time  it  is  present  in  company  with 
the  primitive  kidney,  but  it  has  its  own  ducts  (ureters),  and  it  takes 
on  the  function  of  the  primitive  kidney,  in  proportion  as  the  latter 
is  atrophied,  or  converted  to  the  purposes  of  the  generative  system. 
In  Birds  the  rudiment  of  the  permanent  kidney  appears  to  be 
formed  independently ;  and  this  is  still  more  the  case  in  the  Mam- 
malia. We  see,  therefore,  that  the  so-called  permanent  kidney  of 
the  Amniota  is  at  first  an  organ  which  is  connected  with  and  forms 
part  of  the  primitive  kidney,  and  that  it  is  gradually  separated  from 


Fig.  846.  Section  through  the  cmbyro 
of  a  Bird  (Fowl).  A  Amniotic  cavity. 
am  Amnion,  ch  Notochord.  a  Aoria. 
V  Cardinal  veins.  u  Primitive  kidney. 
ug  Archinephric  duct.  e  Germinal 
epithelium.  P  Pleuroperitoneal  cavity 
D  Enteric  groove. 
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it  both  in  space  and  time.  No  rudiment  of  the  nephroatomata  has 
been  obsorved,  nor  is  tlio  archinephric  duct  divided  as  ia  the 
Anamnia;  the  Mullerian  diicfc  has  a  separate  radiniont. 

The  kidneys  of  Reptiles  and  Birds  somewhat  resemble  those  of 
Fishes  in  their  size  and  po^sitioa.  They  are  phiced  far  back  and  close  to 
the  cloaca;  la  the  Snakes  only  are  they  placed  fartlLer  forwards^  while 
at  the  same  time  they  are  longer.  They  vary  very  greatly  ia  form,  in 
consequence  of  the  development  of  lobes.  In  Birds  they  are  placed  in 
depressions  between  the  transverse  processes  of  the  sacral  vertobrae, 
and  are  generally  divided  into  three  portions,  which  are  sometimes 
connected  with  one  another,  and  which  may  vary  greatly  in  size. 
The  areters  (Fig,  3i9,  n)  are  generally  placed  on  the  inner  edge  of 
the  kidney,  and  receive  at  various  points  larger  urinary  canals 
(Ophidiij  Chelonii);  or  these  canals  are  enclosed  in  the  parenchyma  of 
the  kidney,  and  do  not  leave  the  organ  except  at  its  termiaatioa 
(Saarii,  Crocodihni).  In  Birds  a  largo  part  of  the  canal  ia  outside 
the  kidney.  In  all  case^  they  open  separately  into  the  cloaca,  or 
into  a  smas  nrogenitalisj  into  which  the  genital  dacts  also  open. 

The  kidneys  of  the  Mammalia  vary  in  several  points,  and  espe- 
cially as  to  tho  characters  of  the  orifice  of  the  ureters,  after  the 
differeatiation  of  tho  rndimeut  which  is  known  as  the  **  renal 
canal. ^* 

The  kidneys,  which  are  developed  at  tho  blmd  end  of  the 
^'  urinary  canal,*'  are,  after  they  are  differentiated,  placed  behind 
the  primitivo  kidneys.  At  first  they  appear  to  have  a  smooth 
surface,  which  becomes  uneven  when  the  glandular  parenchyma  is 
developed  into  separate  lobes.  In  either  lobe  tho  urinary  caaaliculi 
are  united  together  at  a  papilUf orm  process,  with  which  the  common 
efferent  duct  of  the  lobe  is  connected*  It  forms  the  pyramid,  and  a 
n amber  of  these  anite  to  form  the  pelvis  of  the  kidney,  from  which 
the  nreter  is  given  off.  The  permanently  distinct  lobes  are  very 
numerous  (about  200)  in  the  Oetacea.  There  is  a  smaller  number 
in  the  Pinnipedia<  In  many  Camivora,  also,  the  lobes  are  separate 
(Ursas,  Latra),  while  in  others  they  are  fused.  This  gives  a 
knobbed  appearance  to  the  surface  of  tho  kidney  (e.g.  in  Hyaena, 
Bos,  Blephas)*  In  others  there  is  a  condition  of  this  kind  for  some 
time,  but  when  the  cortical  substance  of  the  lobes  is  completely 
fused,  the  sarfaco  of  the  kidney  becomes  smooth,  although  the 
grooves  that  remain  indicate  its  primitive  division  into  lobes. 
Within  the  organs,  however,  tho  division  is  more  or  less  completely 
retained,  and  the  number  of  primitivo  lobes  is  implied  by  the 
greater  or  less  extent  to  which  the  papillae  are  fased  together* 
Tbis  fusion,  further,  may  affect  some,  or  all  the  lobes,  so  that  tho 
number  of  renal  papillae  may  be  much  reduced;  at  last,  indeed, 
they  may  all  unite  into  one  {Marsupialia,  Edentata,  Eodenfcia,  several 
Oarnivora  and  Primates), 

The  ureters  formed  from  the  renal  canals,  after  they  are 
separated  from  the  archinephric  duet,  primitively  pass  into  that 
portion   of   the   allantois  which  runs  in  the  abdominal  cavity  of 
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tlie  embryo,  and  is  connected  with  the  primitive  cavity  of  the 
pelvic  portion  of  the  enteron  (urachus).  This  is  gradoally  con- 
verted into  a  fusiform  widened  organ — the  urinary  bladder, 
while  the  continuation  of  the  urachus  into  the  umbilicus,  and  from 
thence  into  the  umbilical  chord,  is  obliterated.  The  former  portion 
forms  the  ligamentum  vesico-umbilicale  medium.  The  primitive 
(fusiform)  form  of  the  urinary  bladder  is  retained  in  some  Mammals 
(Seals),  while  in  others  it  is  gradually  modified,  and  with  these 
modifications  there  are  correlated  differences  in  the  way  in  which 
the  ureters  open.  Thus  in  many  Rodents  they  open  high  up  on 
the  posterior  wall  of  the  bladder  (Fig.  354,  0,  u). 

The  other  characters  of  the  efferent  ducts  are  common  to  them 
and  the  generative  .apparatus,  with  which,  therefore,  they  will  be 
treated. 

Generative  Organs. 
§  450. 

In  the  Vertebrata,  the  reproductive  organs  are  shared  by 
different  individuals ;  the  separation  of  the  sexes  is  the  rule, 
although  there  are  various  exceptions  to  it  in  the  class  Pisces. 
In  the  higher  divisions  also  there  are  various  arrangements  which 
are  indications  of  hermaphroditism.  But  it  seems  to  me  that  the 
point  which  is  of  real  importance  in  this  matter  is  the  repro- 
ductive materia],  and  that  the  characters  of  the  efferent  ducts  are 
of  no  importance,  for  they  were  not  primitively  part  of  the  gene- 
rative apparatus. 

Our  knowledge  of  the  earliest  development  of  the  male  generative 
matter  is  not  quite  definite,  but  we  know  certainly  that  the  female 
elements  are  derived  from  the  epithelial  layer  which  invests  the 
abdominal  cavity.  In  this  there  are  points  of  likeness  between 
the  Vertebrata,  and  the  Vermes  among  the  Invertebrata.  In 
Amphioxus  follicular  structures,  covered  by  a  layer  of  epithelium, 
and  forming  diverticula  of  it,  are  developed  at  various  points  in 
the  coelom,  or  in  the  cavities  connected  with  it ;  these  structarea 
are  the  germ-glands.  The  ova  are  formed  in  them,  between 
indifferent  and  flattened  cells,  which  form  the  stroma  of  the  organ. 
In  this  character  Amphioxus  is  very  different  to  the  Craniota,  where 
the  germ-glands  are  always  developed  at  a  sharply  defined  and 
less  extensive  region.  The  epithelial  investment  of  the  abdominal 
cavity  retains  its  primitive  character  along  a  tract  which  corre- 
sponds to  the  rudiment  of  the  primitive  kidney  longer  than  it  does 
in  other  regions ;  and  this  epithelial  layer  may  be  oistinguished  as . 
the  germinal  epithelium  (Fig.  346,  e).  At  the  side  of  the 
mesentery  in  this  region  there  is  an  elevation  of  varying  length, 
which  is  formed  by  a  thickening  of  the  connective  tissue — the 
genital  ridge.  The  epithelium  dips  into  this,  and  forms  the  rudi- 
ments of  the  ova.     Of  a  group  of  cells  which  grows  inwards,  one 
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cell  becomes  an  egg,  while  the  rest  form  a  cellular  layer  around  it— 
the  follicular  epithelium^  which  unites  with  the  surrounding  con- 
nective tissue  to  form  the  ovarian  follicle.  Each  invagination  of  the 
germinal  epithelium  either  forms  a  single  follicle,  as  in  the  Anamnia 
(Selachii),  or  these  groups  of  cells  grow  out  and  form  the  rudiments 
of  a  number  of  follicles,  as  in  the  Craniota. 

The  cells  of  the  ovarian  follicle  that  are  set  around  the  egg 
generally  remain  indifferent,  and  aid  in  the  nutrition  of  the  egg  as 
well  as  in  the  formation  of  the  yolk-sac,  which  surrounds  it.  The 
egg  itself,  and  the  cells  of  the  follicle  which  surround  it,  underm 
more  or  less  considerable  modifications.  When  the  egg  and  the 
follicle  increase  equally  in  size,  the  follicle-cells  form  a  simple  epi- 
thelial layer,  as  in  Fishes,  Amphibia,  Reptiles,  and  Birds.  But  in 
the  Mammalia  they  multiply  while  the  egg-cell  remains  relatively 
small,  and  for  a  long  time  they  fill  up  by  far  the  greater  part  of  the 
follicle.  As  this  follicle  grows  a  cavity  is  gradually  formed  in  its 
interior  which  is  filled  with  fluid ;  this  causes  the  cellular  layer  of 
the  follicle  to  be  extended  around  its  wall  (membrana  granulosa), 
while  at  one  point,  which  is  somewhat  thickened,  it  encloses  the  egg. 

The  changes  which  obtain  in  the  egg-cell  relate  to  the  yolk, 
and  they  are  accompanied  by  an  increase  in  the  size  of  the  egg. 
This  may  be  seen  in  the  Teleostei,  where  the  granules  of  the  yolk 
often  undergo  great  metamorphoses.  The  same  happens  to  the  eggs 
of  the  Amphibia.  In  the  Selachii,  Beptilia,  ana  Aves  the  yolk- 
granules  are  greatly  increased  in  number,  and  are  specially  differ- 
entiated. Owing  to  the  number  present  the  ripe  egg  is  of  a 
considerable  size. 

The  region  invested  by  the  germinal  epithelium  is  the  point 
at  which  the  male  germ-glands  are  also  developed,  but  it 
seems  that  this  epithelium  does  not  take  an^  direct  share  in  the 
formation  of  the  testes.  The  earliest  differentiation  of  the  glandular 
tubes  (seminal  canals),  which  make  up  the  testes,  has  not  yet  been 
observed;  the  view  that  they  are  formed  from  a  portion  of  the 
primitive  kidneys  is  beset  by  the  difficulty  of  their  having  no 
relationship  of  any  kind  with  these  organs. 

The  form -elements  of  the  sperm  are  developed  by  the  dif- 
ferentiation of  the  epithelium  of  the  seminal  canals.  In  all  Verte- 
brata  these  are  movable  filaments  which  are  given  off  from  a  thicker 
portion  of  varying  form — the  so-called  head.  This  head  is  dis- 
coidal  or  elliptiea],  as  in  many  Mammals  and  Fishes,  or  elongated, 
as  in  the  Selachii,  Amphibia,  and  Avcs.  In  the  latter  it  is  fre- 
quently coiled  in  a  corkscrew  fashion.  The  seminal  filament  of 
some  Amphibia  (Salamandrina  and  Toads)  is  distinguished  by  an 
undulating  membrane. 

§  461. 

The  germ-glands  are  developed  from  the  structures  known 
as  genital  ridges.  Sometimes  more  and  sometimes  less  of  this  ridge 
is  converted  into  the  ovary  or  testis.    The  simplest  condition  is  sef 
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in  the  Cyclostomata.  The  ovaries  of  the  Petromyzontes  have  the 
form  of  paired  lamellaB^  which  extend  along  the  coelom^  and  are 
thrown  into  a  large  number  of  folds,  in  which  the  ova  are  developed. 
The  testes  are  similar  in  character.  In  the  Myxinoidea  the  germ- 
glands  are  unpaired,  and  arise  from  the  right  side  of  the  mesentery. 
Both  sets  of  generative  products  are  passed  into  the  coelom,  whence 
they  reach  the  exterior  through  the  abdominal  pore. 

The  ovaries  of  some  Teleostei  have  almost  the  same  characters ; 
thus,  in  the  Salmonidaa  the  eggs  are  passed  into  the  abdominal 
cavity,  and  are  evacuated  through  the  abdominal  pore.  The 
same  is  the  case  in  LsDmargus  borealis  among  the  Selachii, 
where  the  ovaries  contain  much  smaller  eggs,  and  are  themselves 
much  larger.  In  the  rest  of  the  Fishes  there  are  efferent  ducts 
in  both  sexes,  which  are  largeljr — ^perhaps  always — due  to  the 
differentiations  which  affect  the  primitive  kidneys  (cf.  §  448). 

In  this  relation  the  GranoYdei  are  of  a  low  grade,  for  their 
germ-glands  have  no  direct  ducts,  and  their  products  are  passed 
into  the  coelom.  In  both  sexes  the  products  escape  by  an  apparatus 
which  is  homologous  with  the  Mullerian  duct,  consisting  of  a  canal  of 
varying  length,  and  provided  with  an  infundibular  orifice,  which  is 
attached  to  the  ureter  (secondary  archinephric  duct) ;  this  takes  up 
the  generative  products.  This  fact  must  be  regarded  as  one  of 
special  importance,  for  we  learn  from  it  that  the  Mullerian  duct 
may  be  turned  to  use  in  the  male.  The  presence  of  this  duct  in 
both  sexes  leads  to  a  correct  apprehension  of  the  real  facts  of  the 
case,  and  renders  it  unnecessary  to  regard  the  presence  of  the 
rudiments  of  these  organs  in  the  male  as  due  to  a  primitive 
hermaphroditism,  which,  cannot  be  shown  to  have  obtained  at  the 
required  stage  of  development. 

Two  different  arrangements  can  be  derived  from  that  which  is 
dominant  in  the  Ganoi'dei.      One  is  seen  in  the  majority  of  the 


Fig.  847.   Genoratire  organs  and  enteric  oanal  of  Clnpea  IiarengnB.    oe  (Esopliagiis. 
Stomach,      op    Appendices  pyloricso.      t  Enteron.     a  Anns,     vn  Air  bladder, 
jm  Air  duct,    s   Spleen,    tt  Testes,    vd  Their  efferent  duct,     g   Genital  pore. 
hr  BranchisB  (after  Brandt). 

Teleostei,  and  the  other  in  the  Selachii,  and  from  thence  in  the 
Amphibia  and  all  Amniota. 

The  male  organs  in  all  Teleostei  and  the  female  organs  in  all 
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cell  becomes  an  egg,  while  the  rest  form  a  cellular  layer  around  it— 
the  follicular  epithelium^  which  unites  with  the  surrounding  con- 
nective tissue  to  form  the  ovarian  follicle.  Each  invagination  of  the 
germinal  epithelium  either  forms  a  single  follicle,  as  in  the  Anamnia 
(Selachii),  or  these  groups  of  cells  grow  out  and  form  the  rudiments 
of  a  number  of  follicles,  as  in  the  Craniota. 

The  cells  of  the  ovarian  follicle  that  are  set  around  the  egg 
generally  remain  indifferent,  and  aid  in  the  nutrition  of  the  egg  as 
well  as  in  the  formation  of  the  yolk-sac,  which  surrounds  it.  The 
egg  itself,  and  the  cells  of  the  follicle  which  surround  it,  underm 
more  or  less  considerable  modifications.  When  the  egg  and  the 
follicle  increase  equally  in  size,  the  follicle-cells  form  a  simple  epi- 
thelial layer,  as  in  Fishes,  Amphibia,  Reptiles,  and  Birds.  But  in 
the  Mammalia  they  multiply  while  the  egg-cell  remains  relatively 
small,  and  for  a  long  time  they  fill  up  by  far  the  greater  part  of  the 
follicle.  As  this  follicle  grows  a  cavity  is  gradually  formed  in  its 
interior  which  is  filled  with  fluid ;  this  causes  the  cellular  layer  of 
the  follicle  to  be  extended  around  its  wall  (membrana  granulosa), 
while  at  one  point,  which  is  somewhat  thickened,  it  encloses  the  egg. 

The  changes  which  obtain  in  the  egg-cell  relate  to  the  yolk, 
and  they  are  accompanied  by  an  increase  in  the  size  of  the  egg. 
This  may  be  seen  in  the  Teleostei,  where  the  granules  of  the  yolk 
often  undergo  great  metamorphoses.  The  same  happens  to  the  eggs 
of  the  Amphibia.  In  the  Selachii,  Reptilia,  and  Aves  the  yolk- 
granules  are  greatly  increased  in  number,  and  are  specially  differ- 
entiated. Owing  to  the  number  present  the  ripe  egg  is  of  a 
considerable  size. 

The  region  invested  by  the  germinal  epithelium  is  the  point 
at  which  the  male  germ -glands  are  also  developed,  but  it 
seems  that  this  epithelium  does  not  take  any  direct  share  in  the 
formation  of  the  testes.  The  earliest  differentiation  of  the  glandular 
tubes  (seminal  canals),  which  make  up  the  testes,  has  not  yet  been 
observed ;  the  view  that  they  are  formed  from  a  portion  of  the 
primitive  kidneys  is  beset  by  the  difficulty  of  their  having  no 
relationship  of  any  kind  with  these  organs. 

The  form-elements  of  the  sperm  are  developed  by  the  dif- 
ferentiation of  the  epithelium  of  the  seminal  canals.  In  all  Verte- 
brata  these  are  movable  filaments  which  are  given  off  from  a  thicker 
portion  of  varying  form — the  so-called  head.  This  head  is  dis- 
coidal  or  elliptical,  as  in  many  Mammals  and  Fishes,  or  elongated, 
as  in  the  Selachii,  Amphibia,  and  Avcs.  In  the  latter  it  is  fre- 
quently coiled  in  a  corkscrew  fashion.  The  seminal  filament  of 
some  Amphibia  (S  alamandrina  and  Toads)  is  distinguished  by  an 
undulating  membrane. 

§  451. 

The  germ-glands  are  developed  from  the  structures  known 
as  genital  ridges.  Sometimes  more  and  sometimes  less  of  this  ridge 
is  converted  into  the  ovary  or  testis.    The  simplest  condition  is  seen 
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in  the  Gyclostomata.  The  ovaries  of  the  Petromyzontes  have  the 
form  of  paired  lamellaB,  which  extend  along  the  coelom^  and  are 
thrown  into  a  large  number  of  f  olds^  in  which  the  ova  are  developed. 
The  testes  are  similar  in  character.  In  the  Myxinoidea  the  germ- 
glands  are  unpaired,  and  arise  from  the  right  side  of  the  mesentery. 
Both  sets  of  generative  products  are  passed  into  the  ccolom,  whence 
they  reach  the  exterior  through  the  abdominal  pore. 

The  ovaries  of  some  Teleostei  have  almost  the  same  characters ; 
thus,  in  the  Salmonidsd  the  eggs  are  passed  into  the  abdominal 
cavity,  and  are  evacuated  through  the  abdominal  pore.  The 
same  is  the  case  in  Lasmargus  borealis  among  the  Selachii, 
where  the  ovaries  contain  much  smaller  eggs,  and  are  themselves 
much  larger.  In  the  rest  of  the  Fishes  there  are  efferent  ducts 
in  both  sexes,  which  are  largely — ^perhaps  always — due  to  the 
differentiations  which  affect  the  primitive  kidneys  (cf.  §  448). 

In  this  relation  the  GranoYdei  are  of  a  low  grade,  for  their 
germ-glands  have  no  direct  ducts,  and  their  products  are  passed 
into  the  coelom.  In  both  sexes  the  products  escape  by  an  apparatus 
which  is  homologous  with  the  MuUerian  duct,  consisting  of  a  canal  of 
varying  length,  and  provided  with  an  infundibular  orifice,  which  is 
attached  to  the  ureter  (secondary  archinephric  duct) ;  this  takes  up 
the  generative  products.  This  fact  must  be  regarded  as  one  of 
special  importance,  for  we  learn  from  it  that  the  MuUerian  duct 
may  be  turned  to  use  in  the  male.  The  presence  of  this  duct  in 
both  sexes  leads  to  a  correct  apprehension  of  the  real  facts  of  the 
case,  and  renders  it  unnecessary  to  regard  the  presence  of  the 
rudiments  of  these  organs  in  the  male  as  due  to  a  primitive 
hermaphroditism,  which,  cannot  be  shown  to  have  obtained  at  the 
required  stage  of  development. 

Two  different  arrangements  can  be  derived  from  that  which  is 
dominant  in  the  Gano'idei.      One  is  seen  in  the  majority  of  the 
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Teleostei,  and  the  other  in  the  Selachii,  and  from  thence  in  the 
Amphibia  and  all  Amniota. 

The  male  organs  in  all  Teleostei  and  the  female  organs  in  aU 


GENERATIVE  ORGANS  OF  VERTEBBATA.  Ml 

except  those  above  mentioned,  liave  the  tubular  form.  The  germinal 
region  is  often  limited  to  one  portion  of  the  tube,  whence  it  extends 
more  or  less  considerably,  according  to  the  degree  to  which  its 
products  are  developed.  The  lateral  efferent  ducts  of  these  genital 
tubes  (Fig.  347,  tt),  are  united  into  a  common  duct,  which  opens  by 
the  genital  pore.  In  this  arrangement  the  germ-gland  is  not 
ordinarily  represented  by  the  whole  apparatus,  but  by  the  germi- 
nal region  only,  which  projects  on  the  inner  wall  of  the  tube, 
and  is  often  lobed  or  branched.  The  germinal  region  is  probably 
invested  by  the  Mullerian  duct,  which  is  convertea  into  a  tubular 
form,  but  this  has  still  to  be  established  by  embryological  observation. 
In  a  number  of  Teleostei  hermaphrodite  arrangements  have  been 
observed,  a  testicular  as  well  as  an  ovarian  tube  being  developed ; 
this  is  best  known  in  species  of  the  genus  Serranus. 

§452* 

In  the  Selachii  the  arrangement  which  obtains  in  the  female 
Ganotdei  is  retained  and  further  developed.  The  germ-glands 
are  generally  developed  on  a  certain  portion  only  of  the  genital 
ridge,  while  the  rest  of  the  organ  has  its  stroma  increased  in 
thickness,  and  converted  into  a  special  tissue  (epigonal  organ).  As 
a  rule,  the  ovaries  are  paired,  and  lie  some  way  forward.  In  many 
the  left  one  is  rudimentary  (Mustelus,  Gtileus,  Scyllium,  Pristiurus, 
Carcharias).  The  long  oviducts,  which  are  developed  from  the 
Mullerian  ducts,  unite  with  their  fused  abdominal  mouths  to  form  a 
wide  infundibular  opening;  this  is  correlated  with  the  great  size 
of  the  eggs  which  it  has  to  take  up.  The  hinder  end  of  each  ovi- 
duct is  differentiated  into  a  portion  which  is  distinguished  by  its 
greater  width,  and  often  by  its  thicker  walls ;  this  generally  func- 
tions as  a  uterus,  and  opens  into  the  cloaca.  In  the  Selachii,  as  well 
as  in  the  ChimaBraB,  a  glandular  portion  is  differentiated  close 
to  the  abdominal  end  of  the  oviduct.  The  generative  organs 
of  these  two  groups,  and  of  the  DipnoY,  agree  in  the  most  essential 
points. 

In  these  divisions  the  male  organs  are  generally  represented  by 
small  testes,  the  ducts  of  which  are  connected  with  the  anterior 
portion  of  the  excretory  organs,  so  that  this  portion  of  the  primitive 
kidney,  with  its  efferent  ducts,  is  adapted  to  the  service  of  the 
generative  apparatus.  After  several  coils  the  vas  deferens  passes 
to  the  cloaca;  in  Ghimadra  it  first  unites  with  its  fellow  of  the 
opposite  side;  it  generally  opens  with  the  ureter  into  a  sinus 
urogenitalis,  which  opens  by  a  papilliform  process  into  the  cloaca. 
Part  of  the  Mullerian  duct  remains  connected  with  the  infundibular 
ostium,  at  the  same  point  as  that  at  which  it  is  found  in  the  female. 
At  the  hinder  end  also  a  portion  remains  connected  with  the  cloaca, 
in  the  males.  The  Mullerian  duct  in  GhimaBra  is  retained  in  the  same 
way.  In  the  males  of  the  Selachii  and  ChimaDras  certain  parts  of  the 
posterior  appendages  are  converted  into  copulatory  organs  (p.  487). 

2  R  2 
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The  generative  apparatus  of  tlie  Amphibia  is  very  similar  to  that 
of  the  Selachii.  The  ovaries  (Fig.  MS,  A,  t?i')  form  lamellte,  which 
project  into  the  abdominal  cavity,  and  vary  in  size  according  to  the 
immber  of  the  eggs  which  are  being  developed.  In  the  Urodela 
they  enclose  a  cavity,  which  is  broken  up  into  several  spaces  in  the 
Anura.     The  Mullerian  duct  forms  the  oviduct  (otl)^  which  com- 

raences  a  long  way  anteriorly, 
by  an  infundibular  orifice,  and 
which  always  opens  separately 
into  the  cloaca.  It  is  generally 
greatly  increased  in  size  at  the 
breeding  season ;  this  results  in 
its  being  thrown  into  a  number 
of  coila.  Ill  the  oviparous  species 
(Salamandra)  the  terminal  por- 
tion of  the  oviduct  functions  as 
a  uterus. 

The  testes  arc  placed  in  the 
same  region  as  the  ovaries.  They 
either  form  a  compact  organ,  or 
consist  of  a  series  of  larger  or 
Bmaller  (and  consequently  more 
numerous)  bodies*  The  latter  is 
the  case  in  many  Coeciliai,  while 
in  others  there  are  intermediate 
stages  towards  the  more  compact 
form,  A  longitudinal  collecting 
duct  receives  the  efferent  ducts 
of  the  different  portions  of  the 
testis,  and  gives  off  again  trans- 
verse canals,  which  correspond 
in  number  to  the  primary  divi- 
sions of  the  kidney  and  are  con- 
nected with  them.  The  kidney, 
therefore,  is  the  efferent  duct 
for  the  sperm,  which  is  passed  out 
through  the  ureter  (secondary 
archinephricduct).  In  theAnura, 
the  sperm  from  the  testis  is 
passed  to  the  kidney  by  a  net- 
work of  fine  canals  which  are 
The  canals,  however,  which  pass 
into  the  kidneys  from  the  longitudinal  collecting  duct,  tm verso  the 
kidneys,  without  being  connected  with  the  Malpighian  coq:)Uscle8, 
and  open  directly  into  the  ureter,  Bufo  is  the  sole  exc^eption ;  in  it 
there  is  a  connection  between  the  vasa  efferentia  and  the  Malpighian 
corpuscles.  In  the  Urodela  the  anterior  portion  of  the  kidney 
(genital  portion)  is  connected  with  the  generative  organs*  Trans- 
verse canals  (v  e),  are  given  off  from  a  collecting  duct,  which  is 


Pig.  348.  Urogenital  By  stem  of  tbe 
Amphibia  (Triton).  Diagnim malic, 
A  Female.  B  Male,  r  KidnejB  ;  on  tho 
surface  of  wliicli  tbe  ncpbroatomat  a  are 
itidicatt'd.  tug  Ureter.  od  Oviduct. 
f»  Mullerian  duct,  ve  EfTcrcDt  duct  of 
the  testes,  t  Testeg,  or  Ovary,  u  Uro- 
genital oritice  (partly  after  Spengel)* 


placed  between  these  two  oi^ans. 
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placed  in^  or  on  the  testes  (B,  t) ;  these  pass  through  the  mesor- 
chiam  to  a  longitudinal  canal^  from  which  canals  are  again  given  off^ 
and  these  pass  into  the  so-called  renal  portion.  The  sperm^  there- 
fore, passes  through  a  certain  portion  only  of  the  kidney,  and  only 
passes  to  the  common  ureter  by  the  ducts  which  are  given  off  from 
this  portion;  this  ureter  is  developed  from  the  secondary  archi- 
nephric  duct.  In  proportion  as  this  portion  of  the  primitive  kidney  is 
freed  of  renal  secretion  it  is  converted  to  the  uses  of  the  generative 
apparatus,  so  that  the  two  secretions  are  not  commingled  except  in 
the  ureter. 

In  the  males,  the  Mullerian  duct  remains  free  anteriorly, 
but  it  is  generally  closely  connected  with  the  secondary  archi- 
nephric  duct.  It  is  either  complete  (m),  and  even  has  a  coelomio 
ostium,  or  parts  only  are  canalicular,  and  the  rest  is  converted 
into  a  solid  chord  at  various  points.  This  is  most  commonly  the 
case  in  the  Anura,  but  in  Bufo  it  is  very  well  developed.  In 
the  Goeciliaa  the  hinder  portion  has  its  walls  provided  with  well- 
developed  glands,  in  consequence  of  which  this  portion  is  still 
functional. 

In  many  Anura  (Bufo)  there  is  a  peculiar  large  organ  contain- 
ing ova-like  cells  on  the  testis ;  this  was  formerly  regarded  as  a 
rudimentary  ovary.  We  do  not  know  what  function  it  has,  any 
more  than  we  know  that  of  the  so-called  fatty  bodies  which  are 
found  attached  to  the  anterior  end  of  the  germinal  gland  of  the 
Anura. 

Since  the  generative  organs  open  into  the  cloaca  this  organ  func- 
tions as  part  of  the  generative  system.  In  the  female  Urodela 
(Salamandra)  the  cloacal  glands  take  up  the  sperm,  and  function  as 
receptacula  seminis.  In  the  Goeciliae  the  cloaca  of  the  male  can  be 
everted,  and  serves  as  a  copulatory  organ. 

SiiCPSB,  C,  UrogenitftlByBtem  der  Belaohier. — Spxnoel,  Urogenitalsystem  der 
AmphibieD,  L  o. 

§  453. 

The  generative  apparatus  of  the  Sauropsida  resembles  that  of 
the  Amphibia  in  the  more  important  points,  and  has*,  therefore, 
some  of  their  arrangements  more  highly  developed.  The  ovaries  are 
racemose  organs,  which  are  placed  in  front  of,  or  at  the  sides  of,  the 
vertebral  column,  and  form  large  organs,  which  vary  in  size  accord- 
ing to  the  extent  to  which  the  eggs,  which  are  very  large  in  this 
division,  are  developed.  In  the  Ophidii  the  ovaries  are  placed  at 
different  levels.  The  right  one  is  the  larger,  and  is  generally  placed 
in  front  of  the  left  one.  In  Birds  the  right  ovary  is  atrophied.  In 
the  embryo  it  is  as  large  as  the  left  one,  but  while  the  left  is 
developed  it  remains  at  a  lower  stage,  and  may  at  last  disappear 
completely.     Rudiments  of  it  are  found  in  the  diurnal  Raptores. 

The  oviducts  are  again  developed  from  the  Mullerian  ducts,  and 
when  fully  developed  are  large,  and  ordinarily  coiled  canals  which 
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commence  by  a  wide  abdominal  mouth.  The  mucous  membrane 
which  invests  them  is  set  in  a  number  of  longitudinal  folds;  the 
lower  portion^  in  addition  to  the  greater  thickness  of  its  muscular 
wall,  is  distinguished  from  the  other  and  longer  portion  by  the  larger 
size  of  its  folds  and  villi ;  this  is  especially  the  case  in  Birds.  This 
differentiation  of  the  oviduct  corresponds  to  the  different  function  of 
the  different  parts ;  the  longer  and  more  anterior  portion  secretes  the 
albumen,  and  the  thick- walled  terminal  part  forms  the  shell.  This 
portion  is  connected  by  a  short  and  narrower  piece  with  the  cloaca. 
In  correlation  with  the  atrophy  of  the  right  ovary  the  oviduct  of  the 
same  side  is  also  atrophied  in  Birds;  not  unfrequently,  however, 
remnants  of  it  are  found  near  the  cloaca.  WhLLe  the  oviducts  open 
by  one  orifice  in  the  Ophidii  and  Saurii,  as  well  as  in  Birds,  in  the 
Chelonii  they  open  into  the  neck  of  the  so-called  urinary  bladder ; 
this  foreshadows  the  relation  which  is  the  typical  one  among  the 
Mammalia.    In  many  Ophidii  a  diverticulum  oi  the  posterior  wall  of 

the  cloaca  receives  the  openings 
of  the  oviducts.  A  remnant  of 
the  primitive  kidney  is  retained 
behind  the  ovaries  (this  has  been 
observed  in  the  Saurii  and  Aves). 
The  testes,  which  are  gene- 
rally oval,  are  attached  to  the 
vertebral  column  by  a  fold  of 
the  mesenteries;  this  is  either 
effected  in  front  of,  or  between 
the  kidneys.  Their  size  is  closely 
correlated  with  their  physio- 
logical activity ;  this  is  especiallv 
the  case  in  Birds.  In  the  Ophidii 
they  are  arranged  in  the  same 
way  as  the  ovaries.  The  vasa 
efferentia  pass  to  a  parorchis, 
which  generally  consists  of  a 
few  canals  only,  and  from  which 
a  vas  deferens  extends  to  the 
cloaca.  In  the  Grocodilini  it 
is  straight,  in  the  Ophidii,  Saurii, 
and  Aves  it  is  arranged  in  a 
number  of  smaller  coils,  while 
in  the  Chelonii  (Fig.  349,  e)  it 
forms  a  complex  of  coils.  In 
many  Saurii  and  Aves,  as  well 
as  in  the  Crocodilini,  its  hinder 
portion  is  widened  out. 

In  the  Saurii  the  vasa  defe- 

rentia  still  unite  with  the  ureters 

to  open  into  the  cloaca ;  in  the  Chelonii  they  open  into  a  sinus  uro- 

genitalis,  which  is  formed  by  the  neck  of    the  urinary  bladder. 


Pig.  849.  Urinarj  and  generative  organs 
of  a  Ghelonian  (Ohelydra  serpentina), 
r  Kidney,  u  Ureter,  v  Bladder,  t  Testes. 
e  Secondary  testes  and  vas  deferens. 
iig  Opening  of  the  nrogonital  sinns  into 
the  cloaca,  el  Oloaoa,  opened  from  be- 
hind, p  Penis.  8  Groove  of  the  penis. 
re  Hind  gut.    e  c^  Oloacal  oaDoal  sacs. 
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Sometimes  each  spermatic  duct  opens  on  a  papillif  orm  process  (Sanrii^ 
Aves). 

A  rudiment  of  the  Mullerian  duct  may  sometimes  be  seen  in  the 
form  of  a  filament  passing  forwards  from  the  anterior  end  of  the 
secondary  kidney  (Saurii),  while  further  remnants  of*  the  anterior 
portion  of  the  primitive  kidney  which  are  not  converted  into  the 
secondary  testis  may  be  recognised. 


§  454. 

In  the  Mammalia  the  generative  apparatus  undergoes  great 
metamorphoses^  owing  to  the  further  development  of  various  portions 
of  the  efferent  ducts  and  the  formation  of  a  number  of  accessory 
organs.  In  the  female  apparatus  these  are  largely  correlated 
with  the  relations  that  obtain  between  the  embryo  and  the  maternal 
organism.  As  this  is  least  marked  in  the  Monotremata,  they  under- 
go the  least  amount  of  modification^  and  have  therefore  direct 
relations  to  the  lower  divisions  of  the  Vertebrata,  and  especially  to 
the  Sauropsida.      The  oviducts  (Pig.  350,  t)  open  separately  into  a 


Fig.  850.  Female  generatiye  organs  of 
Ornithorhynchns.  o  End  of  the  ovi- 
duct  and  ovary,  t  Ovidnct.  u  Uteras. 
uf  Point  at  which  the  orifice  of  the  uteros 
projects  upwards,  close  below  the  opening 
of  the  nreter.  vu  Urinary  bladder. 
8ug  Sinus  urogenitalis.    cl  Cloaca. 


Fig.  351.  Female  generative  organs  of 
Halmatnrus.  ov  Ovary,  od  Oviduct, 
u  Uterus,  cv  Vaginal  canals,  cug  Sinus 
nrogenitalis.  vu  Urinary  bladder. 
ur  Ureter,    *  Opening  of  the  bladder. 


sinus  urogenitalis,  which  communicates  with  the  cloaca  {cl).  The 
lower  end  of  the  oviduct,  which  is  distinguished  by  the  greater 
thickness  of  its  muscular  wall,  forms  a  uterus  {u) ;  but  this  merely 
corresponds  to  the  structures  which  likewise  function  as  a  uterus  in 
many  Anamnia  and  Sauropsida. 

In  the  Marsupialia  the  efferent  ducts  of  the  female  are  connected 
together  on  the  outer  surface,  and  each  of  them  gives  rise  to  an 
oviduct  and  uterus,  as  well  as  to  a  new  portion,  or  vagina,  which 
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opens  into  the  sinus  urogenitalis.  The  upper  portion,  which 
commences  by  a  very  wide  coelomic  orifice,  forms  au  oviduct 
(Fig  351,  od),  while  the  next  and  thicker- walled  portion  forms  a 
uterus  (w).  Each  of  the  two  uteri  open  by  a  papilliform  process  into 
a  portion,  which  from  the  exterior  appears  to  be  common  to  them 
both,  and  which  is  formed  by  the  union  of  the  two  Mullerian 
ducts.  A  curved  vagina  is  given  off  from  this  on  either  side 
(Didelphys),  or  the  commencement  of  the  tube  is  replaced  by  a 
cascal  vaginal  sac  which  is  pushed  out  backwards,  and  is  usually, 
though  not  always,  divided  internally  by  a  median  partition  ;  from 
this  sac  the  distinct  "  vaginal  canals  '^  (cv)  pass  in  a  curved  direction 
to  the  urogenital  sinus  (cug)  (Halmaturus). 

In  the  monodelphous  Mammalia  the  archinephric  ducts  are  united 
with  the  Mullerian  ducts  to  form  a  common  chord  (genital  chord).  The 
connection  between  the  two  Mullerian  ducts,  which  is  well  marked  in 
Halmaturus,  is  effected  in  them  at  about  the  middle  point  of  the  duct, 
and  thus  they  become  connected  during  embryonic  life.  A  portion 
of  these  ducts  have  their  cavities  fused,  while  they  are  separate  in 
front  of,  and  behind  this  point ;  this  is  an  indication  of  the  common 
sac,  which  gives  off  the  vaginal  canals  in  the  Marsupialia.  But  in 
the  Monodelphia  the  lumina  are  fused  as  far  as  the  end  of  the  genital 
chord,  and  so  form  a  single  canal  (genital  canal)  which  opens  into 
the  sinus  urogenitalis.  There  are,  therefore,  two  canals,  which  are 
separated  from  one  another  at  their  commencement,  but  which  unite 
into  an  unpaired  portion  of  varying  length  ;  these  canals  are  derived 
from  the  Mullerian  ducts,  which  are  separate  in  the  early  stage  of  the 
embryo.  The  parts,  which  are  distinguishable  even  in  the  Marsu- 
pialia, are  due  to  the  differences  in  the  extent  to  which  the  walls  of  the 
different  parts  are  differentiated,  and  the  modifications  in  them  are 
essentially  due  to  the  greater  or  less  extent  of  the  two  tubes.  The 
uterus  undergoes  a  number  of  changes,  most  of  which  are  due  to 
adaptations  to  its  relations  to  the  foetus.     Two  completely  separated 

uteri     open     into     a 
^  -^  r  vagina   in  many  Ro- 


m 


^-n\  //^  Cr'\ — 7°^^      dentia(Lepus,Sciuras, 
h      y/    J        \    I  Hydrochoerus,     etc.), 

^   w    ■        M  •  l^l^^^T'Tn 

''I    \  1    I  I   '  other  Rodentia  the  two 

Fig.  352.  Various  forms  of  the  uterus  A  B  C.  u  Uterus,      uteri  are   Only  United 

od  Oviduct.    V  Vagina.  for   a   short  distance 

into  a  common  open- 
ing into  the  vagina  (e.g.  Cavia,  Coologenys,  Mus).  This  leads  to  the 
arrangements  seen  in  the  uterus  of  the  Insectivora,  Carnivora,  Cetacea, 
and  Ungulata,  where  a  single  uterus  is  continued  into  two  separate 
cornua  (B),  which  are  continued  into  the  oviducts.  When  the  common 
portion  of  the  uterus  is  elongated,  the  cornua  are  shortened ;  this  is 
the  case  in  the  Chiroptera  and  ProsimiaB ;  in  the  Simiaa,  as  in  Man, 
there  is  a  single  uterus  (0),  which  receives  an  oviduct  on  either  side. 
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The  cornua  of  the  uterus,  and  the  common  uterus  itself,  vary  very 
greatly  in  length;  so,  too,  does  the  vagina,  the  mucous  membrane 
of  which  may  be  variously  modified.  In  many  Rodents  (Lagostomus) 
a  certain  portion  retains  its  original  double  nature.  Its  opening 
into  the  urogenital  sinus  is  sometimes  distinguished  by  a  temporary 
fold  of  mucous  membrane,  which  is  known  as  the  hymen.  This  has 
been  observed  in  the  Ruminantia,  Carnivora,  etc. ;  but  it  is  in  the 
Simiae  only  that  it  has  the  same  relations  as  in  Man.  The  primitive 
Mullerian  duct,  which  only  served  for  the  passage  of  the  generative 
products,  is  therefore  differentiated  into  three  parts,  owing  to  the 
great  physiological  changes  that  happen  to  it ;  and  of  these  parts  the 
first,  or  Fallopian  tube,  alone  retains  its  primitive  relations. 

The  ovaries,  which  are  generally  small,  vary  greatly  according 
to  the  relation  that  obtains  between  the  follicles  and  the  stroma  of 
the  ovary.  In  a  large  number  of  Mammals  they  are  racemose  in 
form.  They  seldom  retain  their  primitive  position,  and  generally 
travel  toweurds  the  pelvic  basin,  or,  with  their  oviducts,  are  com- 
pletely enclosed  in  it.  They  are  always  in  close  relation  to  the  oviduct, 
or  rather  to  its  infundibular  coolomic  mouth,  for  a  process  of  the 
margin  of  the  ostium  extends  to  the  ovary.  The  mesenteric  folds 
(ligamenta  uteri  lata),  which  support  the  ovaries  and  oviducts,  not 
unfrequently  unite  with  the  pouch  that  encloses  the  ovary  to  form 
the  mouth  of  the  oviduct  (as  in  the  Carnivore). 

Remnants  of  the  primitive  kidneys  and  their  ducts,  which  are 
enclosed  with  them  in  the  genital  chord,  are  retained  at  the  sides 
of  the  uterus,  or  in  the  folds  of  the  peritoneum,  which  connect  the 
ovaries  with  the  uterus.  The  so-called  canals  of  Gartner  are 
formed  by  remnants  of  the  archinephric  ducts,  which  accompany 
the  uteri  in  Echidna,  and  open  into  the  urogenital  sinus ;  in  other 
forms,  portions  only  of  these  canals  persist.  A  rudiment  of  the 
primitive  kidney,  which  is  placed  near  the  ovaries,  is  known  as  the 
parovarium. 

§  455. 

In  the  male  generative  apparatus  of  the  Mammalia  the 
testes  have,  at  first,  the  same  position  as  the  ovaries — that  is,  they 
are  placed  at  the  inner  edge  of  the  primitive  kidneys.  A  chord 
extends  from  the  archinephric  duct  to  the  inguinal  region  of  the 
abdominal  wall  (n).  The  primitive  kidneys  are  partly  united  with 
the  testes,  and  there  form  the  parorchids  (epididymes).  As  in 
the  female,  the  archinephric  duct  unites  with  the  Mullerian  duct 
to  form  a  genital  chord,  which  passes  to  the  urogenital  sinus, 
developed  from  the  lowest  portion  of  the  allantois.  It  forms 
the  vas  deferens  ;  the  Mullerian  duct  is  atrophied,  its  terminal 
portion  only  being,  as  a  rule,  converted  into  a  permanent  organ, 
corresponding  to  a  sinus  genitalis,  the  so-called  uterus  masculinus ; 
this  generally  opens  into  the  urogenital  canal  between  the  orifices 
of  the  seminal  ducts. 
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The  apparatus  thus  formed  is  variously  modified  in  different 
parts.  The  testes  do  not  retain  their  primitive  position  anteriorly 
to  the  kidneys  in  any  Mammals  except  the  Monotremata.  In  the 
Getacea^  Hyrax^  Elephas^  and  various  Edentata^  they  are  placed  a 
little  to  the  side  of,  or  below  the  kidneys.  In  others  they  are  found  in 

the  inguinal  region  of  the  ab- 
dominal wall,  which  they  pass 
through  (many  Rodents,  the 
CameUdsa,  and  various  Car- 
nivora  [Lutra,  Viverra]).  In 
others,  finally,  they  travel  still 
further  by  means  of  the  ingui- 
nal canal,  descending  through 
the  wall  of  the  abdomen  into 
a  diverticulum,  the  scrotum, 
which  is  formed  from  the  in- 
tegument. The  space  which  is 
formed  (canaJis  vaginalis)  when 
the  testis  passes  into  the  scro- 
tum, by  the  peritoneum  which 
grows  out  with  the  descending 
testis,  is  permanently  open  in 
most  Mammals,  so  that  the 
cavity  around  the  testis  is  in 
communication  with  the  ab- 
dominal cavity.  As  the  testes 
pass  down  the  inguinal  canal 
the  abdominal  wall  is  driven 
in  front  of  them.  When  the 
vaginal  canal  remains  open 
the  testes  may  return  again 
to  the  abdominal  cavity ;  this 
ordinarily  happens  in  many 
Mammals  during  the  breeding 
season  (e.g.  Marsupialia,  Ro- 
dentia,  Chiroptera,  Insectivora, 
etc.).  The  scrotum  of  the 
Marsupialia  is  remarkable  for 
its  position  in  front  of  the 
genital  orifice.  It  is  a  special 
structure,  while  in  the  Mono* 


tig.  353.  I  Urinary  and  generativo  organs 
of  Grjcetns  vulgaris.  R  Kidneys, 
ti  Ureter,  v  Urinary  bladder.  T  Testes. 
Sp  Yasa  Bx>ennatica.  d  Tas  deferens,  gl 
YesicmlsB  seminales.  gif  gl"  Prostatic  glands, 
m  Muscular  portion  of  the  urogenital  sinus. 
ic  Corpus  cavemosum  penis,  he  Corp.  car. 
urethrsB.  c  Oowper*s  glands,  t  Tyson's 
glands,  p  Prepuce,  g  Glans  penis.  II  Neck 
of  the  bladder,  and  commencement  of  the 
urogenital  sinus,  opened  in  front.  *  Opening 
of  the  ductus  ejaculatorii.  JIT  Glans  penis 
seen  from  in  front. 


delphia  the  scrotum  is  de- 
veloped from  the  boundary  of 
the  primitive  urogenital  orifice. 
The  lower  end  of  the  vas  deferens  is  always  simple  in  the 
Monotremata  and  Marsupialia,  Camivora  and  Cetacea.  In  the  rest 
it  gives  rise  to  glandular  structures,  which  are  known  as  "vesiculee 
seminales,''  as  the  sperm  may  be  collected  in  them  (gt).  These 
organs  are  gi*eatly  developed  in  the  Insectivora  and  many  Rodents; 
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in  the  former  they  are  often  broken  up  into  several  large  lobes, 
while  in  the  latter  they  are  distingoished  by  their  length  and  by 
the  diverticula  which  are  found  on  them.  The  terminal  portion 
also  of  the  vas  deferens  often  has  a  glandular  structure. 

Besides  the  seminal  ducts,  the  short  terminal  portion  of  which 
receives  the  vesiculse  seminales,  and  is  known  as  the  ductus  ejacu- 
latorius,  rudiments  of  the  Mullerian  ducts  open 
into  the  urogenital  sinus  in  many  Mammals. 
They  either  consist  of  a  single  or  of  a  paired 
diverticulum,  which  corresponds  to  a  rudimentary 
sinus  genitalis  of  the  female,  or,  rather,  to  its 
vaginal  portion,  so  that  it  is  not  very  exact  to 
call  it  a  uterus  masculinus.  Part  of  it  some- 
times forms  a  portion  of  the  male  genital  sinus,  for 
the  seminal  ducts  open  into  it.  These  organs  are 
largest  in  the  Rodentia  (Fig.  354,  gr),  although, 
indeed,  they  are  not  altogether  wanting  in  other 
forms;  in  Man  they  are  represented  by  the 
prostatic  vesicle. 

Lastly,  the  urogenital  canal  is  provided  with 
yet  another  set  of  glandular  organs,  the  prostatic 
glands.  These  may  be  of  a  considerable  size, 
and  form  paired  lobate  structures  (Rodentia, 
Elephas,  Insectivora)  (Fig.  353,  gV  gl"),  or  they 
are  formed  of  a  number  of  smaller  tubes,  which 
are  connected  by  layers  of  smooth  muscular 
fibres  to  a  mass  which  is  attached  to  the  wall 
of  the  urogenital  canal.  By  the  further  develop- 
ment of  the  musculature,  which  is  found  on 
these  glands  in  other  forms  also,  the  prostate  is 
converted  into  a  circular  body. 


§  456. 


Fig.  354.  Urogenital 
canal  and  urinary 
bladder  of  Lepus 
Onnicnlns.  uiFrom 
behind.  B  The 
posterior  wall  of  the 
uteros  masculinns  is 
laid  open.  0  Sido 
view.  V  Bladder. 
u  Ureter,  d  Seminal 
dnct.  g  Sinas  geni- 
talis, ug  Urogenital 
canal. 


In  the  lower  divisions  the  efEerent  ducts  of 
the  urinary  and  generative  apparatus  unite  with 
the  terminal  portion  of  the  enteric  canal  to  open 
into  the  cavity  which  has  already  (p.  562)  been 
called  the  '^  cloaca ; ''  but  it  is  doubtful  whether 
this  should  be  regarded  as  the  primitive  condition, 
for  we  might  take  the  arrangement  which  obtains 
in  the  Cyclostomata,  GanoYdei,  and  Teleostei,  to 
be  such,  where  the  urogenital  organs  and  the  tractus  intestinalis 
open  separately.  In  them,  the  anus  is  in  front  of  the  urogenital 
orifices,  although,  and  especially  in  the  GanoYdei,  there  is  a  depres- 
sion into  which  both  these  orifices  open ;  this  depression  is  an  early 
indication  of  a  cloaca.  The  cloaca  is  well  developed  in  the  Solachii, 
and  the  orifices  of  the  urogenital  apparatus,  which  lie,  in  other  forms, 
behind  the  anus,  are  there  placed  on  the  dorsal  wall  of  the  cloaca. 
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This  relation  is  henceforward  the  common  one ;  in  the  Amphibia, 
Eeptilia,  and  Aves,  there  is  a  cloaca  of  pretty  much  the  same  kind ; 
in  Birds  it  is  provided  with  a  diverticulum,  the  bursa  Fabricii 
(Fig.  333,  h),  which  is  attached  to  its  hinder  wall.  The  cloaca  must 
bo  regarded  as  being  inherited  by  all  the  Mammalia,  although  it  is 
in  the  Monotremata  only  that  it  persists  without  any  great  modifi- 
cation ;  in  the  rest  it  undergoes  considerable  changes.  The  most 
important  of  these  is  the  share  which  it  takes  in  the  differentiation 
of  a  copulatory  organ,  and  which  was  faintly  indicated  in  the  Am- 
phibia; these  changes  end  by  giving  rise  to  a  urogenital  orifice 
distinct  from  the  anus.  The  allantois  is  one  of  the  most  im- 
portant of  the  organs  which  are  differentiated  from  the  cloaca ;  it  is 
developed  from  the  anterior  wall  of  the  cloaca,  that  is,  from  the 
part  of  the  primitive  cavity  of  the  hind-gut  that  represents  it.  In 
Ix)pidosiren  and  in  the  Amphibia  this  organ  forms  a  body  which 
springs  from  the  anterior  wall  of  the  cloaca  by  a  short  stalk  ;  in  the 
latter  it  is  continued  into  two  anteriorly  placed  diverticula ;  it  lies 
freely  in  the  ccelom.  It  is  known  as  the  urinary  bladder,  and 
soems  indeed  to  function  as  such,  although  the  ureters  open  some 
way  from  it.  Blood-vessels  are  distributed  on  its  thin  wall ;  the 
arteries  come  from  the  pelvic  vessels,  and  the  veins  pass  to  the  portal 
vein. 

In  the  Amniota  this  organ  is  very  greatly  developed  during  the 
embryonic  stages,  and  becomes  a  large  sac  which  grows  out  far 
beyond  the  embryo,  and  is  provided  with  a  large  number  of  vessels ; 
it  envelops  the  embryo,  already  covered  by  the  amnion.  In 
Reptiles  and  Birds  it  gradually  atrophies  as  the  abdominal  wall  is 
closed  in,  and  disappears  altogether.  In  the  Saurii  and  Chelonii 
only  the  portion  of  the  allantois  within  the  abdominal  cavity  is 
retained ;  in  them  it  is  widened  out  into  a  sac,  which  is  provided 
with  diverticula  on  either  side  (Fig.  349,  v). 

In  the  Mammalia  this  organ  has  different  relations  to  the  develop- 
ing organism.  As  in  the  Keptilia  and  Aves  it  grows  out  into  a 
vesicle,  which  communicates  with  the  cavity  of  the  hind-gut  by  a 
stalk  which  runs  inside  the  umbilical  chord.  That  portion  of  tho 
chord,  which  passes  into  the  ccelom  (urachus)  is  partly  converted 
into  a  ligament  (Lig.vesico-umbilicale  medium),  partly  into  the  urinary 
bladder,  and  partly  into  a  sinus  urogenitalis,  where  the  orifices  of 
the  generative  ducts  pass  into  it.  In  the  Monotremata  and  Marsupialia 
the  peripheral  portion  appears  to  have  the  same  relations  as  in  the 
Sauropsida,  while  in  other  Mammals  it  aids  in  the  formation  of  the 
'^  chorion,^'  which  is  connected  by  villous  elevations  with  the  mucous 
membrane  of  the  uterus.  When  these  vascular  villi  of  the  chorion 
are  further  developed,  the  foDtal  blood  passing  along  the  vessels  of  tho 
allantois,  acquires  a  distribution  in  the  peripheral  regions  of  the  sac. 
This  effects  exchanges  with  the  blood  which  is  distributed  in  the 
mucous  membrane  of  the  uterus.  As  it  becomes  more  intimately 
connected  with  the  uterine  mucous  membrane  a  placenta  is 
developed;   this  varies  greatly  in  character  according  to  the  way 
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in  which,  and  the  extent  to  which,  the  chorion  is  connected  with  the 
mucous  membrane  of  the  uterus,  and  according  to  the  modifications 
undergone  by  the  latter  organ. 

§  457. 

The  copulatory  organs  form  another  series  of  parts  formed 
by  the  differentiation  of  the  wall  of  the  cloaca.  In  the  Selachii, 
indeed,  organs  which  did  not  belong  to  the  generative  apparatus- 
parts  of  the  hinder  appendages — are  used  as  organs  of  copulation 
and  modified  accordingly,  but  new  organs  be^n  to  be  differentiated, 
which  in  the  Amphibia  are  faintly  indicated  by  the  presence  of  a 
papilla  which  projects  into  the  cloaca.  These  belong  to  one  of  two 
typical  forms;  in  one  the  organs  are  connected  with  the  posterior, 
and  in  the  other  with  the  anterior  wall  of  the  cloaca. 

One  of  them  is  dominant  in  the  Saurii  and  Ophidii.  The  copu- 
latory organs  first  appear  as  external  appendages, 
placed  just  behind  the  cloaca ;  later  on  these  are 
invaginated  in  a  tubular  fashion  (Fig.  355,  p)^ 
and  are  only  protruded  during  copulation.  When 
protruded,  each  of  these  organs  is  continued  into 
two  more  or  less  blunt  ends,  which  vary  in  form. 
At  the  sides  there  is  a  groove,  which  is  continued 
on  from  the  cloaca,  and  which  has  a  spiral  course 
posteriorly,  and  is  then  directed  towards  the 
middle  line;  this  serves  to  convey  the  sperm. 
The  largest  of  the  muscles  supplied  to  it  are  the 
retractors,  which  are  inserted  into  the  blind  end 
of  the  tubes.  Glands  open  near  the  root  of  the 
tubes  igl). 

The  second  form  contains  a  number  of  dif- 
ferent structures,  all  of  which,  however,  pro- 
ceed from  the  anterior  wall  of  the  cloaca,  and 
must  be  regarded  as  modifications  of  one  and 
the  same  arrangement.  One  form  of  these 
organs  is  found  in  most  of  the  Ratitas,  and 
in  the  Penelopidas  and  Natatores  (Anser).  It  consists  of  a  tube 
which  is  supported  by  two  fibrous  bodies,  and  which,  when  pro- 
truded, forms  a  groove  which  leads  from  the  cloaca.  The  terminal 
portion  of  the  organ  is  retracted  by  an  elastic  ligament. 

Another  form  is  seen  in  the  Chelonii  and  Crocodilini,  and  in 
Struthio ;  this  is  distinguished  from  the  previous  one  by  the  fact 
that  it  is  not  protrusible.  This  organ  is  likewise  supported  by  two 
fibrous  bodies,  which  are  intimately  connected  together,  and  covered 
by  mucous  membrane  (Fig.  349,  p).  On  the  dorsal  surface  there  is 
a  groove  between  the  two  bodies  («),  which  appear  to  be  invested  by 
cavernous  tissue,  at  the  root  in  the  Crocodilini  and  Chelonii,  and 
along  the  whole  length  in  Struthio.  As  this  tissue  is  more  abundant 
at  the  anterior  end  of  the  fibrous  bodies  (in  Struthio  it  is  formed 
from  the  continuation  forward  of  a  third  elastic  body,  which   is 


Fig.  855.  Cloaca  of 
Fy  t  h  o  n,  openod  from 
in  front.  R  Hind- 
gat,  u  Orifices  of  the 
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which  open  at  *. 
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of  which  is  laid  open 
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placed  below  the  two  fibrous  ones)  it  forms  an  erectile  welt,  which 
represents  a  penis.  Special  muscles,  which  are  inserted  into  the 
fibrous  bodies,  act  as  retractors  of  the  penis;  in  Struthio  this 
organ  is  provided  with  special  elevator  muscles,  and  is  hidden  in  a 
diverticulum  of  the  cloaca. 

The  copulatory  organs  of  the  Mammalia  also  belong  to  the  second 
type ;  those  of  the  Monotremata  differ  markedly  from  the  organs  in 
other  Mammals.  Their  copulatory  organs  consist  of  a  short  penis, 
which  is  formed  of  two  erectile  bodies,  and  which  lies  in  a  pouch 
which  opens  into  the  cloaca.  By  means  of  a  muscle  this  can  be 
approximated  to  the  urogenital  canals,  and  so  takes  up  the  sperm 
through  an  orifice  which  is  placed  at  its  root,  near  the  opening  of  the 
urogenital  sinus.  Owing  to  the  special  mode  by  which  a  portion  of 
the  wall  of  the  cloaca  is  differentiated,  this  organ  comes  to  be 
exclusively  related  to  the  generative  apparatus,  while  the  urine 
passes  out  through  the  cloaca. 

When  the  cloacal  aperture  is  differentiated  into  two  orifices,  the 
copulatory  organ  becomes  more  closely  related  to  the  urogenital 
sinus.  During  the  embryonic  stage  a  fold  begins  to  be  raised  up 
around  the  cloacal  orifice,  and  a  process  is  developed  on  the  anterior 
wall  of  the  cloaca,  which  carries  on  its  posterior  surface  a  groove 
which  leads  to  the  opening  of  the  urogenital  canal.  As  the  embryo 
continues  to  grow,  the  cloaca  becomes  shallower,  and  the  wall  of 
partition  between  the  orifice  of  the  hind-gut  and  the  urogenital 
canal,  which  is  formed  from  the  lower  end  of  the  urachus,  becomes 
more  distinct.  At  last  the  orifices  which  were  formerly  placed  on 
the  fioor  of  the  cloaca  come  to  the  surface.  The  anterior  fissure  at 
the  base  of  the  genital  protuberance  forms  the  opening  of  the  uro- 
genital sinus,  while  the  hinder  orifice  forms  the  anus.  In  many 
Mammalia  the  two  orifices  are  always  close  to  one  another,  and  may 
even  be  enclosed  by  the  same  fold  of  integument ;  in  the  female  sex 
the  two  orifices  are  ordinarily  close  together.  This  is  most  markedly 
the  case  in  the  Marsupialia  (where  there  is  even  a  common  sphinct^ 
for  the  anus  and  urogenital  orifice)  and  Bodentia ;  in  whicn  forms, 
indeed,  it  obtains  in  the  males  also. 

§  458. 

The  urogenital  sinus  is  developed  to  a  different  extent  in  the 
two  sexes,  and  this  is  due  to  the  difference  in  their  functions.  In 
the  male  the  urogenital  sinus  and  genital  protuberance  grow  out 
into  a  narrower,  but  ordinarily  long  canal  (the  so-called  urethra), 
with  the  walls  of  which  erectile  organs  are  connected.  They  form 
the  penis.  In  the  female  there  are  parts  which  are  similar  to, 
though  less  largely  developed  than,  this  organ  and  its  erectile 
bodies ;  they  form  the  clitoris,  an  organ  which  corresponds  to  the 
penis. 

The  erectile  organs  of  the  Marsupialia  are  formed  of  two  bodies 
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wUcli  are  derived  from  the  genital  protuberance  and  surround  the 
urogenital  canal ;  in  some  they  are  divided  at  their  free  end 
(Pig.  356,  a  b)  and  form  the  glans  penis.  The  urogenital  canal  is 
continued  on  to  each  half  in  the  form  of  a 
groove  (»),  and  these  grooves  may  unite  together 
to  form  a  canal.  In  others  (Halmaturus)  these 
erectile  bodies  are  connected  with  two  others, 
with  which  they  unite  to  form  a  cylindrical  penis, 
and  bound  the  urogenital  canal.  The  first- 
mentioned  erectile  bodies  generally  fuse  very 
early  in  other  Mammalia  to  form  a  corpus  caver- 
nosum  urethras  which  surrounds  the  urogenital 
canal  (urethra),  and  of  which  the  most  anterior  Fig.  356.  Divided 
end,  which  varies  greatly  in  form,  forms  the  glans  ^"^fa^d^p^^^^^^^ 
penis.  The  two  other  erectile  bodies  (corpora  HalVes^o/the  gUna. 
cavernosa  penis),  which  in  the  Marsupialia  are  8  Groove  on  its  inner 
not  firmly  connected  with  the  pelvis,  are  con-  ^YI^^'  *  h^t^''^ 
nected  with  the  ischium;  they  pass  above  the  placed *1ISi^d*^ the 
corpus  cavemosum  urethras,  but  do  not  extend  orifice  of  the  prepaoe 
into  the  wall  of  the  urogenital  canal.     In  most  (after  Otto). 

Mammals  the  penis  thus  formed  extends  for- 
wards from  the  symphysis  pubis  along  the  median  line  of  the 
abdomen,  and  ends  at  a  varying  distance  from  the  umbilicus; 
in  others  (Chiroptera,  Primates),  it  is  fi'ee  and  hangs  down 
from  the  symphysis  pubis.  In  either  case,  the  integument  covers 
it  and  forms  a  fold  in  front  of,  and  around  the  glans  —  the 
prepuce. 

In  the  female,  the  genital  protuberance  is  never  developed  to 
the  same  extent  as  in  the  male;  it  forms  the  clitoris,  which  carries 
on  its  lower  surface  the  opening  of  the  urogenital  sinus,  which  is 
bounded  by  lateral  folds.  The  clitoris  is  generally  more  largely 
developed  in  the  embryo  than  in  the  adult,  as  it  projects  from  the 
pubic  fissure  and  is  axterwards  withdrawn  into  it.  In  some  Apes, 
however  (Ateles),  the  clitoris  continues  to  be  developed  and  become 
an  organ  of  some  size.  Two  erectile  bodies  (corpora  cavernosa 
urethraB)  lie  in  the  walls  of  the  urogenital  sinus  and  surround  it 
as  far  as  the  clitoris,  at  the  base  of  which  there  is  another  pair  of 
erectile  bodies.  The  end  of  the  cUtoris  is  generally  provided  with 
a  gland,  and  is  also  covered  by  a  prepuce.  Sometimes  this  organ 
is  provided  with  special  muscles,  which  are  mostly  differentiated, - 
as  are  also  those  of  the  erectile  bodies,  from  a  common  occluder 
of  the  cloaca,  such  as  is  seen  in  the  Marsupialia.  In  addition 
to  these,  many  Mammals  have  muscles  which  raise,  or  retract  the 
penis. 

Glandular  organs  open  into  the  urogenital  sinus  of  both 
sexes.  There  are  others  besides  the  prostatic  glands  already  men- 
tioned (p.  619);  there  may  be  one  or  more,  or  as  many  as  four 
pairs  (Marsupialia) ;  they  lie  at  the  root  of  the  penis  (Fig.  353,  c). 
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Cowper's  glands  are  connected  with  the  portion  which  is  enclosed 
by  the  erectile  bodies.  These  are  not  ^ways  present  (Cetacea^ 
Camivora).  In  the  female  they  open  inta  the  yestibnlum  yaginsB 
(glands  of  Duverney  or  Bartholin).  The  glands  of  the  prepace 
(Tyson^s*  glands)  are  developed  into  large  organs  in  many  Mam- 
mals, and  especially  in  the  Kodentia^  among  which  they  are  best 
developed  in  Castor  (Fig.  353,  ft. 
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gans, 119. 

Acanthias— Fin,  477 ;  Kidneys,  603. 

Acanthocephali — Integament,  186;  Mns- 
cnlar  system,  148;  Moscolar  fibres, 
144 ;  Nervoos  system,  147 ;  Bnteron, 
159 ;  Lemnisci,  174 ;  Generative 
organs,  176. 

Acanthometridss — Skeleton,  82. 

Acanthopteri — Urostyle,  481. 

Acarina  —  Metameres,  287 ;  Cerebral 
ganglia,  266;  CsBca,  269;  Hind-gat, 
270 ;  Malpighian  vessels,  276 ;  Germ, 
glands,  296. 

Accra — GuigUa,  848. 

Acervnlina^—Sopporting  organs,  81. 

Acheta— Testis,  804. 

Achetida — ^Aoditory  organ,  262. 

Acineta — Figure,  &. 

Acipenser—Dennal  bones,  425;  Bibs,  439; 
Cartilaginons  craninm,  450 ;  Dermal 
denticles,  450;  Thoracic  fin,  479; 
Spiraonlar  cleft,  548;  Pseodobran- 
chia,  543 ;  Air-bladder,  547. 

Acopa—  Form  of  body,  890 ;  Gemmation 
in,  891;  Ganglia,  897;  Branchial  sac, 
899;  Branchial  slits,  402;  Sexual 
oi^s,407. 

Aorania — ^Auditory  organs,  688;  Bespi- 
ratory  cavity,  541. 

Acridida— -Auditory  organ,  262. 

Acrodont  Lisards — Teeth,  657. 

Acrocladia — Spines,  206. 

Actoon — Excretory  organ,  877* 

ActinoephsDrinm — Figure,  84. 

Adder — Epigastric  veins,  595. 

^ginid»— Tentacles,  102,  107;  Mar- 
ginal vesicle,  110;  Gastrovascular 
system,  116 ;  Generative  organs,  122. 

^ginopsia — Tentacles,  102. 


.Aolidia— Ganglia,  849 ;  Liver,  862 ;  Ves- 
sels, 872;  Hermaphrodite  glands, 
882. 

.^uoridso— Generative  organs,  122. 

^schna— Tracheal  gills,  290. 

Aldopidso — Visual  organs,  155;  Auditory 
organs,  166 ;  Excretory  organs,  176. 

Aloyonaria — Generative  organs,  122. 

Alcyonella — Nervous  system,  146. 

Alcyonidso— Digestive  persons,  117. 

Alcyonium— Skeleton,  106;  Figure  of, 
116. 

Alepas— Mantle,  286. 

Alligator^Pelvis,  485;  Spinal  nerves, 
614. 

Alveolina— Shells,  81. 

Amia — Sphenoids,  452. 

Ammocoetes — ^Vertebral  column,  426; 
Notoohord,  426. 

Ammonites — Shell,  888. 

Ammothoe — Digestive  organs,  269. 

Amniota— Muscles  of  paired  appendages, 
498 ;  Glossopharyngeal,  518 ;  Vagus, 
521 ;  Nasal  canal,  526. 

Amoeba — Figure  of,  78;  Supporting  or- 
gans,  81 ;  Contractile  vesicle,  86. 

Amoebidse— Protoplasm  of,  76. 

Amphibia — Anterior  appendages,  414 ; 
Limbs,  415 ;  Corium,  417 ;  Epidermis, 
418 ;  Tegumentary  glands,  420 ;  Der- 
mal bones,  425;  Vertebral  column, 
429;  Vertebra),  482;  Atlas,  487; 
Stevnum,  442 ;  Dermal  denticles, 
450;  Skull,  450;  Jugal,  457;  Bran, 
chial  skeleton,  46i9;  Branchial  arches, 
470;  Hyoid,  471;  Shoulder-girdle, 
475;  Fore-limb,  480;  Badius,  480; 
Ulna,  480;  Carpalia,  480;  Pelvic- 
girdle,  48-1;  Hind-Umb,  488;  Toes, 
490;  Dermal  muscles,  498;  Trunk 
muscles,  494;  Intercostal  muscles, 
496;  Muscles  of  the  branchial  skele- 
ton, 497;  Masticatofj  muscles,  497 ; 
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Bra  in  J  506  j  Spinal  nervoa,  51  i; 
Brachial  plexag,  514 ;  Olfactory 
nerve,  515;  GloBaopharytigealj  518; 
Vagna,  521  j  Goblt't-Bliaped  organs, 
52  A  J  Lateral  Une,  521;  Gustatory 
organSp  525  ;  Olfactory  organs,  525  ; 
NaaaJ  canal,  &2tv;  Optic  bulb,  529; 
Sclerotic,  529  j  Op  tie  niuHcles,  531  j 
Eyelids,  532 ;  Lachrymal  ducts,  532 ; 
Labyrititli,  535  j  Eustachian  tnbOt 
637  J  External  oar,  538;  External 
gills,  5 to;  Pharynx,  5-16;  Ntwsal 
glands,  546;  Teeth,  550;  Tongno, 
562;  Thyroid  gland,  554;  Stomach, 
557;  Mid-gnt,  561;  Hind-gnt,  562; 
Cloaca,  563 ;  Liver,  56 1 ;  Mesentery, 
565;  Lungs,  5G9,  572;  Blood-cor- 
puBcIea,  576  ;  Heart,  580  j  Branchial 
arteries,  5S0i  Pulmonary  artcrieSj 
581 ;  Renal  arteries,  589 ;  Veooua 
sinuses,  691 ;  Inferior  venaa  caya&j 
693  J  Lymph  sinuses,  598;  Lympha- 
tic hearts,  599 ;  Glands,  600  j  Arohi- 
nephrio  dact,  602  ■  Kidoeyi  603 ; 
Pronephridion,  603 ;  MalJerian  duot, 
604,  612;  Ureter,  604;  Ova,  609; 
Sperm,  609  j  Generative  organs,  613 ; 
Oviduct,  612;  Allan tois,  621;  Urinary 
bladder,  621 ;  Copulatory  oig^iB, 
621. 

Amphigleoa^  Auditory  organs,  166. 

AmphiDomn. — Appendages,  136  j  Nerve 
tTOukfl,  149. 

Amphioxus — Nerve  fibres,  32  j  Branchial 
Hkoleton,  1 12  ;  Trunk,  113  ;  Epi- 
dermis, 418  ;  Notochord,  427  ;  Ver- 
tebral eolumn,  428  s  Cephalic  skeleioD| 
412  I  Cranium,  417  ;  Braiichial  ske- 
leton, 468  ;  Muscular  system,  491 ; 
Medullary  tabe,  502 ;  Peripheral 
nervous  system,  513  j  Eje,  527 ; 
Figure  of,  539;  Kespiratory  ca>dty, 
540 J  BraDoblol  cavity,  510;  BrauchiEe, 
641 }  Hypobranohial  groove,  553 ; 
EnteroD,  555  j  Fore-gut,  556;  Liver, 
556;  Hearts,  575. 

Ampbipnous — Branchial  lamella,  545. 

Amphipodiv  —  Brancblie,  241  ;  Ventral 
chord,  265  f  Heart,  280, 

Ampbistoma — Visual  organ,  164;  Shell 
gland,  183. 

Amphinma— Vertebm?,  433. 

Anamnia^ — Epidermis,  418  j  Snpra-renal 
gland,  601. 

Anatidte— Stomaohj  658  ;  Syrinx,  672. 

Animals — Cells  in,  15;  Classilicatlon  of, 
66;  Phyla  of,  69. 

and    Plants — Bonndary    between, 

68,76. 

AniBobrancbiatft— BranchJK?,  337* 

Aanelidea — ^Excretory  organ, 46;  Vascular 
system,  60;  Parapodin,  135;  Cilia, 
137  I  Rod-liko  bodies,  140 ;  Tubular 
glands   141 ;  Muscular  system,  143 


Nervous  system,  149 ;  Visooral  nenrefl  * 
151 1  Tactile  setao,  161;  Visual  organt, 
155 ;  Auditory  organs,  156 ;  Hind- 
gnfc,  164  ;  Coolom,  166;  Blood- vossela, 
171. 

Annnlata  — Masoulatarc,  42;  Nervona 
system,  42;  Excretory  organs,  42 1 
Homology  iu,  61;  Motamenam  in, 
130;  Integument,  136  j  Setas,  I'tO; 
CEiSophageal  ring,  IIS;  Eyes,  164; 
Alimentary  canal,  162 ;  CojIoui,  165 ; 
Yasoular  system,  167 ;  Excretory 
organs,  176 ;  S  per mateph  ores  of,  191* 

Anodonta — Braachio),  336 ;  Muscles,  842  j 
Nervous  system,  346;  Heart,  370  j 
Organs  of  Bojauus,  370  ;  Renal  ducts, 
376;  Genital  canal,  380. 

Anemia  — Foot,    321;     Branchiae,    336 
Visceral  gaagliat  346. 

Anoplotherium — Manns,  483. 

Anaeres— Casca,  562. 

Ant— Salivary  glands,  23. 

Antedon — Pinnulps  of,  195. 

Antelope— Stomach,  658. 

Anthozoa— Form  ef,  99;  Tentacles,  102  ; 
Skeleton,  106;  MuBouIar  system, 
108 ;;  Gastric  system,  110  j  Generative 
organs,  122. 

Antipatharia^Generative  organs,  123. 

Aiitipathida3^8keleton,  106. 

Anu.ra— Ribs,  439;  Maiilla,  457;  Bran- 
chial arehes,  471 ;  Should  er.girdle, 
476;  Pelvio-girdle,  484;  Hind-limb, 
488;  Sixth  toe,  488 ;  Dermal  muscles, 
493;  Meaencepbalon,  505;  Facial 
nerve,  517 ;  Ductus  endolymphaticua, 
534 ;  Columella,  538 ;  External  gills, 
645 1  Homy  teeth,  5^19;  Kidneys, 
604  ;  Testes,  612  ;  Fatty  bodies,  613. 

Apes — Dermal  muscles,  493;  Turbinate 
bones,  547;  Buccal  pouches,  549 1 
Sublingna,  553  ;  Clitoris,  623. 

Aphides — Wax.sc?ereting  organs,  250  j 
galivary  gland e,  271 ;  Paendova,  302. 

AphroditaceEO^ — Elytra,  135 ;  Maxillary 
apparatus,  162  ;  Mid-gnt,  162. 

Aphrodite — Origin  of  nerves,  151 ;  Ali- 
mentary canal,  162  ;  Liver,  166. 

Aphroditidfl>^Seto3, 140. 

Aplysia — Ganglia,    348;     VeBScls,    372 
Copulatory  organ,  384. 

Appendicalariar— Tail,  394  ;  Axial  organ, 
394;  Branchial  eao,  399;  Sexual 
organs,  407. 

Aptera^-GnfttbiteB,  245 ;  Ventral  chord, 
258  ;  Malpighian  vessels,  276; 
Ti-acheu?,  288. 

Apteryx — Diaphragm^  499;  Accesfioring 
Willifiii,  622. 

Apus— Shell,  235  ;  Ventral  chord,  26-1 ; 
Cseca,  268;  Salivary  glands,  274; 
Generative  organs,  290. 

Araobnida — ^Form  of  Body,  237  i  Appen- 
dagesi  244;    Spines,    249;    Ventral 
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ganglia,  256;  YiBoeral  nervoos  sys- 
tem,  259 ;  Eye,  265 ;  Enteric  canal, 
269;  Salivarj  glands,  273;  Liver, 
275;  Malpighian  yesseU,  276;  Cir. 
cnlatory  system,  281;  Traoheee,  290; 
Germ  glands,  292;  Generative  organs, 
296;  Seminal  elements,  301. 

Aranea— Gnathites,  244;  CsBca,  269; 
Hind.gut,  270;  Salivary  glands,  273; 
Hepatic  tnbes,  278 ;  Gircalatory  sys- 
tem, 281;  Traclie8D,290;  Copnlatpry 
organs,  299. 

Area— -Byssos  gland,  329 ;  Visceral  gang, 
lia,  346 ;  Visual  organs,  353. 

Aroella — Supporting  organs,  81;  Tests, 
83 ;  Contractile  vesicles,  86. 

Archegosanria — ^Dermal  bones,  425. 

Ardea — Enteric  canal,  565. 

Arenicola— Appendages,  136;  Auditory 
organs,  156;  Fore-gnt,  163;  Hind- 
gut,  163;  Vascular  system,  169; 
Central  organs  of  blood-vascnlar 
system,  169. 

Argiope — Figure  of  larva  of,  807. 

Argonauta — Hectocotylised  arm,  827; 
Shell,  335;  Liver,  36a 

Argulus — Cssca,  268. 

Argyroneta— TraohesB,  290. 

Arioia — Dermal  glands,  141. 

Artemia— Eye,  265 ;  Heart,  280. 

Arthropoda---Connective  tissue,  24 ;  Testa, 
38;  Muscles,  40;  Nervous  system, 
42;  Vascular  system,  50;  Homo- 
dynamy  in,  64;  General  review, 
228;  Classification,  229;  Biblio- 
graphy, 232;  Appendages,  237; 
Integument,  248 ;  Muscular  system, 
252 ;  Cephalic  ganglion,  252 ;  Ventral 
ganglionic  ch£^,  252;  CEsophageal 
ring,  252 ;  Peripheral  nervous  system, 
252 ;  Visceral  nervous  system,  259 ; 
Visual  organs,  263;  Alimentary 
canal,  267 ;  Salivary  glands,  273  ; 
CoBlom  of,  278;  Fat  bodies,  278; 
Vascular  system,  279 ;  Dorsal  trunk, 
279;  Venous  ostia,  279;  Pericardial 
sinus,  279 ;  Blood-fluid,  280 ;  Gener- 
ative  organs,  291 ;  Germ  glands,  292. 

Arthrostraca — ^Auditory  vesicles,  261 ; 
Salivary  glands,  274. 

Artiodactyla — ^Dorso-lumbar  vertebras, 
437 ;  Fore-limb,  483 ;  Pelvis,  486. 

Ascalabot89 — Eyelid,  532. 

Ascaris — Muscular  fibres,  144;  Female 
organs,  184. 

Ascidiss — Form  of  body,  390;  Muscular 
system,  395;  Median  dorsal  nerve- 
chord,  396 ;  Peripheral  nerves,  897 ; 
Branchial  sac,  400;  Heart,  401; 
Languets,  401;  Branchial  slits  of, 
402  ;  Ventral  groove,  403 ;  Enteron, 
404 ;  Sexual  organs,  407. 
Asconefr^Gastrula  of,  93. 
Afiellus — Benal  concretions,  278. 


Asiphonia — Respiratory  cavity,  319. 

Aspidisoa — Carapace,  OS, 

Aspidogaster — Pharynx,  158. 

Astacus — ^Respiration  in,  2^. 

Asteracanthion — ^Arms,  195,  199;  Am- 
bulacral  feet,  195. 

Asterida — Nervous  system,  208;  Visual 
organs,  210 ;  Alimentary  canal,  213 ; 
CcBlom,  217;  Blood-vessels,  218; 
Generative  organs,  226. 

Asteriscus— Arms,  195,  199 ;  Alimentary 
canal,  213. 

Asteroid® — Bays  of,  195;  Ambulacral 
plates,  202;  Paxill»,  203;  Dermal 
skeleton,  205;  Internal  skeleton,  205; 
Spines,  206;  PedicellarisB,  206; 
Muscular  system,  207 ;  Nervous  sys- 
tem, 208;  Interradial  caoca,  215; 
Stone-caxial,  221;  Generative  organs, 
224. 

AstrsBidffi — Skeleton,  106. 

Astropecten — ^Alimentary  canal,  213 ; 
Interradial  casca,  215;  Stone-canal, 
221. 

Ateles— Clitoris  of,  623. 

Atlanta— SheU,  323,  332;  Foot,  324; 
Excretory  organ,  378;  Beceptaculum 
seminis,  385. 

Aulacostomum — Mid-gnt,  162. 

Aurelia — Disc  of,  24;  Figure  of,  98; 
Discophora  form,  99;  Muscular 
system,  108;  Gastrovasoular  system, 
115. 

Aves — Cerium,  417 ;  Scales,  418 ;  Claws, 
419;  Feathers,  419;  Vertebral 
colunm,  429;  Centra  of  vertebrae, 
433 ;  Sacrum,  434;  Caudal  vertebrad, 
434;  Cervical  vertebras,  434;  Axis, 
437;  Odontoid  process,  437;  Bibs, 
440;  Covering  bones  of  skull,  459; 
Lachrymal,  459 ;  Palato-quadrate, 
459 ;  Pterygoids,  461 ;  Palatines,  461 ; 
Fremaxillse,  462;  Dentaries,  462; 
Shoulder-gbxUe,  476 ;  Clavicles,  477 ; 
Phalanges,  471 ;  Pelvis,  486 ;  Tarsus, 
488 ;  Brain,  505 ;  Spinal  chord,  512  ; 
Olfactory  nerve,  515;  Gustatory 
organs,  525 ;  Olfactory  organs,  525 ; 
Sclerotic,  530 ;  Eyelids,  532;  Lagena, 
536;  Tympanic  cavity,  537;  Coin- 
mella,  538;  External  ear,  538 ;  Cloaca, 
562,  620;  Pancreatic  ducts,  565; 
Larynx,  670;  Lower  larynx,  571; 
Epiglottis,  571;  Ova,  609;  Sperm, 
609 ;  Bursa  Fabridi,  620. 
Avicula — Byssus  gland,  829;  Branchiao, 
336. 

Balanida— Mantle,  236;  Branchiss,  243; 

Dermal  skeleton,  24^;  Cement  glands, 

286 ;  Hermaphroditism  in,  293.* 
BalanogloBsus — ^Enteric    branchiae,    163; 

Vascular     system,     170;     Ventral 

groove,  402. 
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Bdelloatomiv— Respii^tory  orgauB,  512; 
Branchial  attories^  B79;  Kidney,  6(.J3. 

Beoa— Stomach,  262 ;  Parthenogenesia 
in,  302. 

Belemnitea— Shell,  334 ;  Phingmocono, 
33 i?  Pro-ostracuni,  334. 

Beroe— Generative  organB^  123, 

BeroidaEJ — Gastro vascular  eyaiemf  117- 

BirdB^Fore-limbfl^  417  j  Tegamontary 
glanda,  420  j  StGrniim,  443  j  Squa- 
mosal, 458  J  Foot,  489  J  Toes,  490; 
Dermal  muaclea,  493  j  InterooBtal 
iDoscslcBj  496  J  MaBticatory  mnficles, 
497  J  Dara  mater,  512  ;  Fabc  cerebri, 
512;  Brachial  plexus,  514;  Sacral 
plexuB,  514  ;  C  rural  plestuij  515 1 
Optic  bulb,  529 1  Pecteu*  531 ;  Lens, 
S31;  Lachiym 111  glands,  5S2  ;  Lachry- 
mal duotB)  533  ;  Ductus  ^ndolympha- 
tioiia,  534 ;  Labyrinthi  535 1  Palate, 
546;  Turbinate  bones,  5-17;  Nasal 
caTiticA,  548;  Nasal  glaTi^F,  5 IS; 
Buccal  cavity,  649;  Teeth,  551; 
Tongae,  652 ;  Bticcal  glaDds,  553 ; 
Thyroid  gland ,  554;  Stomach,  557; 
Crop,  657  ;  Proven  trie  uUis,  558  ; 
Mid  .gut,  561 ;  ffind  gut,  562  ;  Ca&ca, 
562;  Liver,  563;  Luiiga,  573;  Heart, 
683;  Arterial  arehes,  583  J  Carotids, 
687;  Viaoeral  arteTtes,  589  j  Verte- 
bra! veiofl,  591 ;  Honal  voms,  59^1 ; 
Inferior  vena  cava,  595  ;  Arterial 
rotia,  597  ;  Lymph  eixiuses,  599; 
Lynapbatio  glaDda,  600 ;  Tbymus^ 
600;  Renal  organa,  G04;  Ova,  609; 
OvarieB,  613 ;  Oviducts,  (314 ;  Teafces, 
614. 

Boa— Heart,  582, 

Bahadachia— Cuvicrian  organs,  216* 

Bonjbiaator — ^Yertebrae,  432, 

Bombyi— Nervona  system,  259. 

Bonellia — Cerebral  mass,  l'i8 ;  Alimentnry 
canal,  161 ;  Vascular  syatom,  170  j 
Excretory  organs,  174. 

Borlaaia — Blood-corpiiaoleB,  172. 

Bothryocephalua  —  Male  organs,  181 1 
Female  orgaua,  1S2» 

B  ot  rj'l  us^Colo  nies,  39  U 

Bowerhankia — Alimcntarj  canal,  160. 

Bracbiata— Arraa,  196. 

Bracbionua — Excretory  organ,  174» 

Brachiopoda — Genoml  review,  306;  Clas- 
sification,  306;  Bibliography,  307; 
Form  of  body,  307 ;  Mantle-folda, 
307  f  Bbells,  807;  Tontacles,  308; 
Int^ment,  308 ;  Arma,  309  ;  Gilla^ 
809  ;  Muscular  syatem,  309 ;  Nervoui 
syatem,  310;  Sensory  organa,  310; 
Alimentary  canal,  310  j  Ileoparietal 
band,  311;  Excretory  organs,  312; 
Genemtivo  orgaDR,  313* 

Brachycephalus — ^Dormal  bonea,  425. 

Bracbyiira^BranchitD,243 ;  Ventral  chord, 
254  ;  Heart,  281 }  Male  organs,  295. 


Bradypus^Cervioal  vortebm?,  '136;,  Jagal^ 

466;  Pelvis,  486;  Cunoiform,  490, 
Branchmta — Appendnges,  238;    Ncrvong 

BVfltem,    255 ;     Heart,  280 ;    Genu 

glaod.  292. 
BranchiobdoUa— Vascular    systeni,    168 ; 

Excretory  organs,   176 ;   Generative 

organs,  189. 
Branchiomma — ^Visual  organs,  156» 
Branchiopoda — Shell,    235  ;      GnAthitoa, 

239 ;   Branchioa,  242 ;   Dermal  skelc 

ton,  349;    Caeca,  268;    Ltver,    274; 

Germ  glands,  294. 
BrancbipuB— Larva,    234  ;      Eyea,    265  ; 

Germ  gliftud^,  294« 
Brisinga — Bays,  196  ;  Anus,  203 ;  Ccelom, 

216  ;  Generative  organs,  225. 
BiyoKoa — Form  of  body,  129;  Goramatioo, 

132 ;  Tentacles,  13' t,  13G;  Cilia,  138; 

Cells,    139;    MoBcular  system,  1^13; 

Nervous  ayatera,  148;    Tactile  setaO| 

152  ;   Alimentary  canal,  161 ;   Liver, 

165 ;  Coelotn,  166 ;  Generative  organs, 

179. 
Buccinum— Siphon,     322  ;      Crop,     361  j 

Penis,  386. 
Bufo— Branchial  arches,  471 ;    Stomach, 

557 ;  Teates,  612. 
Bugs — Stomach,    272;     Cement    glanda, 

303. 
Bulla — Copnlatory  organs:,  384. 
Bnllsear-^Copulatory  organa,  384. 
Bqirsaria — Contractile  vesicles,  86, 
Buteo — Thoracic  vertebrtc,  441 ;  Stem  am, 

443;  Hind.limb,  490;  Thyroid  gland, 

554;    Thymua,  555  j    Stomach,  557; 

Heart  and  vesseH  588. 

Cadocibraucbiatai — Muscle  a  of  append, 
ages,  498 ;  Vagns,  522;  External  gill?, 
545  ;  Cephalic  arteries,  586. 

Calciapongiaj — Skeleton,  105 ;  Amphi- 
disca,  106:  Gastric  system,  112. 

Calf— *  Prosencephalon,  508 ;  Spinal  chord 
511. 

Callianiridco— Tentacular  organ,  103, 

Calveria — Pedicellnrijp,  206. 

Calycozoo — OrganiBation  of,  99, 

CaljmnidsQ — Teotacalar  organs,  103. 

CalypfcTDoa — Branchiro,  338. 

Camelidio— Tostea,  618. 

Campanularia— Tentacles,  93,  101 ;  Corm  i 
of,  93  ;  Tests,  104. 

Campanularia> — Budis  of,  95. 

Campodea— Feet,  246 ;  Tcachero,  288* 

Canis — Pancreas  Aaclb,  600. 

Capitella — Nervous  system,  149  ;  Vas- 
cular ByBtem,  170. 

Caprelltt— Heart,  280. 

CarabidiD^Ventral  chord,  254;  stomach, 
262 ;  Oirary,  301, 

Carchariaa — Spiral  valve,  560;  OvarieB 
611. 

Carchesinas— Stalk,  83. 
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Carciniis — Nervoua  EyBUm\  254. 
Cardiaui^Ncrvona  Byatem,  346 ',  CGDlma, 

mi, 

CaridiDa — Mftlo  organs,  293. 
Carinaria— Shell,  325,  332  j  Ctitip,  328  j 
BrUBchia-j  338;  CctmmidsiireB,  348; 
Ejcerotoiy  organs,  377. 
CarinAtrD — Fore-limbp»  417;  PlongliBbftro 
boue,  435;  Sternam,  443  \  Clavicle, 
477  ;  F^rcala,  477  j  Syrini,  572, 

Gamiarina — ^ Generative  organn,  122. 

Camivorft — Nipples^  422  ;  Dorso-lnmbar 
TcrtebraE?,  437  ;  Tympaoic  bone,  466  j 
Clavicle,  477 ;  Bymphysispnbis,  '4SS  ; 
Cere  be  11  am,  510  j  Tentorium  cero- 
belli,  612;  Tapetum,  630;  Optic 
imiecles,  631  ;  Turbinate  bones,  5-17  ; 
Capcum,  662  j  Liver»  564  j  Yeom 
cavBp,  593;  Renal  or^nS|  606  j 
TIterua,  615  j  Hymon,  CI  6  ;  Ovaries, 
G17j  Vas  deferens,  618;  Cowpcr*a 
glands,  624, 

Caryophylla&i— Segmentation  of,  129. 

Caaaiopeia — Diacopbora  form  of,  99. 

Caasia— Proboscis,  361:  Salivary  glanda, 
364. 

Cnator— Tyaon'a  glauda,  G24. 

Caanaring — Lymphatic  liearts,  599. 

Cat — Froeencepbalon,  508. 

Cat  allncm-- Cells  of,  la 

Cataphracta— 'Infraorbital  bonea,  455  j 
Thoracic  fin,  479, 

Ctttorpilkr— Spines,  250;  iDteron,  271; 
Trachea?,  287- 

Cavin— Uterna,  616. 

Cecidomyiai — Parthenogcnesia  inj  302. 

Cetitrophorns — Dermal  denticlesj  423, 

Cephiea — Diacopbora  form  of,  99. 

Cephalopotla— Cartilage  eel  la,  26,  27; 
Head,  324;  Tentacles,  32G  ;  Suckers, 
327  ;  Chromatopborep,  328  ;  Integu- 
mentary glanda,  329 ;  Shell,  332  j 
Bospiratory  organ  a,  340 ;  Internal 
akeleton,  341;  Mnacloa,  343;  Ner- 
voaa  ay  stem,  350;  Buccal  gangliaj 
351 ;  Olfactory  organs,  353  j  Kye, 
854 ;  Auditory  organs,  356  ;  Alimen- 
tary canal,  368 ;  Javra,  360  j  Radula, 
360;  Pharynx,  362  J  Salivary  glanda, 
364  J  Liver,  8661  Ink-lmg,  367; 
Ccelom,  367 ;  Heart,  373  ;  Excretory 
organa,  379;  Nidamental  glands,  387  i 
Generative  arms,  387;  Spcrmato- 
pberea,  387. 

Oerambicidie — Ventral  chord,  268. 

Ceratodna— Operculum,  455;  Fin, 
Abdominal  pore,  574;  Conns 
riosns,  578. 

Ceratophrys — Dermal  bonet,  426. 

Cercariaj— StyletB,  141. 

Cereanthns— Coloniea,  100  j  Pore, 
Oeneratire  organs^  123. 

Cervne — 8temmn,  4-13, 

Ceatoda— Form  of  body,  129  ;  Segment*- 


477; 
arte- 


117; 


tion,  180  J  Cyatio  form,  130;  Cyati- 
Cftpcua  form,  131;  Cconnros^  131; 
EchiBococcufl,  131 ;  Cilia,  137 ;  Aci- 
cnli,  140;  SiickerR,  143;  Plgnienfc 
Bpots,  154j  Enteron»169;  Excretory 
organ,  172;  Generative  organa,  180  j 
Genital  pore,  184. 
Cetaceo — Nipples,  422 ;  Vertebral  column, 
435;  Bibs,  i-H  ;  Nasals,  466 ;  Ptery- 
goids, 466;  Fore.limb«,  472;  Syra- 
pbyais  pubis,  iS4 ;  Sclerotic,  630  j 
Laohrymal  glands,  537 ;  Auditoiy 
mcattia,  539 ;  Jlilk  teeth,  549 ;  Buc- 
cal glands^  553;  Stomach,  558  ;  Mid- 
gut, 561  ;  Veoao  cavro,  693  ;  Renal 
organ,  606;  Uterna,  616;  Teatoa, 
618;  Vaa  deferens,  618;  Cowper'a 
gland,  624. 

Ghaetoderma^— "Ventral  surface,  130 ;  Ner- 
vona  aystem,  162 ;  Enteric  branchia?, 
16-1. 

Chgptognathi  --  Maacular  ayatem,  142  ; 
Muscalar  fibres,  145;  Lateral  Une^ 
143  ;  Alimentary  canal,  160 ;  Gene- 
rative organs,  185. 

Chrotopoda  —  Tentacles,  133,  134  j  Para- 
podia,  134;  External  Branchiae  136  j 
Cilia,  138  J  Dermal  glands,  111; 
Longitudinal  norve-trunka,  149  j  Vis- 
ceral nerves,  151 ;  Tactile  aotie,  162  ; 
Visual  organa,  156  j  Muscular 
stomach,  162;  Fore-gtit,  163;  Vas- 
cular  B\^tem,  169  ;  Excretory  organ, 
176 ;   Generative  organs,  189. 

Chama— Respiratory  cavity,  320 ;  Renal 
dnctfl,  376  ;  Genital  canal,  381. 

Chamielean — Epistemmn,444j  Ilium, 484; 
Eyelida,  632  ;  Tympanie  mombrano 
538. 

Chary  bdea^Marginal  veaicles,  110. 

Cbolonii — Scalea,  418;  Dermal  bonea, 
425 ;  Plastron,  426 ;  ProcesBoa  of 
vertebra?,  '133  ;  Candal  vertebrro,  434 ; 
Bibs,  439 ;  Coliimella,  458  ;  CoveritJg- 
bones  of  akuU,  459;  Eibmoid,  459; 
Palato-quadrate,  459;  Dentariea,  462  ; 
Hyoid,  472;  Shoulder- girdle,  476; 
Fore-limb,  d81 ;  Toes,  490;  Meten- 
cephalon,  507;  Spina!  chord,  511; 
Sclerotic,  530^  Lachrymal  glanda, 
632 ;  Turbinate  bones,  547 ;  Horny 
teeth,  650;  Tongue,  562;  Stomach, 
557;  Hind-gut,  561;  Liver,  564; 
Meaentery,  665 ;  Larynx,  670  j  Lungs, 
673;  Abdominal  pore,  574;  Heart, 
581 ;  Arterial  arches,  582  ;  Arte  rim 
intercoatales,  689  ;  Renal  veins,  594 ; 
Iiymph  ainnaoa,  599  ;  Lymph  heart  a, 
699;  Thymua,600|Teate8,614;  Allan- 
toia,  670;  Copnlatory  organa,  621. 

Chelydra— Aortic  arcbea,  683 ;  Lymphatic 
ay  stem,  598  ;  Genemtive  organs,  616. 

Chelya^ — Premaxilla«,  462. 

Chevreulina— Mantle,  394, 
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OhiastonGtirft  —  Nerrmis  pyfitemi  348  j 
CommiFflnrea,  3-18. 

Chilodoa— Pbarjixx,  85. 

Chtlopodtt — Trachetp,  288. 

CbimsDra — Vert^abrnl  cohinmj  428  j  Cautlal 
region,  'J31 ;  Vertetrat,  439]  Hyo- 
maDdibular^  450  j  Fiti,  478;  Spinal 
chord,  BIO;  Branchial  lamolla,  6^U  j 
FoTG^gnt,  B56i  Mid.gnt,  659;  Ab- 
dotxiinal  pore,  574;  Conns  artc- 
riosas,  578 ;  Aorta,  585  ;  Oviducts, 
61  i  ;  Copnlatory  organ^  611. 

Chimpauzee^Dermal  mnacloa,  483. 

ChirodotBO — Alimentary  canal,  2 14;  Lnngs^ 
215 ;  Excretory  organs,  224« 

Chiroptera^ — Nipples,  422  ;  Dorso-lnmbar 
vertebra?,  437;  PremaxilltL\  4lK); 
Centrale,  482;  SympiiyBis  pnbis, 
484;  CerebcUam^  510  j  Sablin^a, 
553;  UteruB,  616  j  Testes,  618; 
Penis,  622. 

Chlton^ — Spicules^  330 ;  Norroua  eyatemj 
344. 

Chreseis^Tentttcka,  326  j  Shell,  332  j 
Excretory  organfl,  377. 

Chrysoniitra — Generative  orgBES,  97. 

CicadsB — Organs  of  voice,  250  j  Hind- 
gTit,  273  J  Malpighiaa  YeBsela,  277. 

Ciconia-^Cftrpna,  481. 

CicindeliB— Stomaeh,  272, 

Cidaris— Skeleton,  201,  205;  Spuaeaj 
206;  Stone-canal^  222, 

CHiata— Cilia,  77  j  Mouth,  84  j  Perisfcoma, 
85  J  Pharynx,  85  ;  Nucloolnfl,  80, 

Cirratulufl— Ganglia,  160. 

Cirnpedia— Mantle,  326;  Cirri,  239; 
BranehicD,  243  j  Dermal  Bkeleton,  249  j 
Optic  nerve,  263  ;  Ventral  chord,  253  j 
Eyes,  26-1;  Entoron,  260;  Liver, 
274;  Cement-gland fl,  285;  Herma- 
phroditism in  I  293 ;  Seminal  ele< 
ments^  304. 

Cladocera— Shell,  235 ;  Eye,  265 ;  Heart, 
280 ;  CTerm-^landB,  294. 

Cladolabes^Polian  veeicle,  223, 

Cladonemo — Tentacles,  101. 

Clariaa^Branchial  coil,  5^15. 

Olepeio© — Ganglia,  150;  Mid-gat,  162; 
VesselB,  167 ;  Excretory  organ,  177 ; 
Generative  organs,  187. 

Ciio^Kespiratory  organs,  339;  Norvona 
systODi^  349, 

Clnpoa^Optic  nerve,  615 ;  Branchial  coil, 
545  ;  Generative  system,  610. 

ClnpoidBO— VertebrBD,430;  Labyiinth,  633. 

Olubion  a— Tracheae,  291. 

Clypeastrida — Skeleton,  204  *  Maatioa- 
tory  apparatofl,  206,  214 ;  Stone- 
canal,  222. 

GoccidaB — ^Pseadova,  302. 

ColGoptera— Thorax,  237  j  Gnathites, 
245  ;  Elytra,  247  ;  Wings,  248  ; 
Dernml  Skeleton,  2'W;  Spinning  ves- 
sels^ 250;  Tetitral  chord,  254;  Audi« 


tory  organ,  262;  Stomach,  272; 
Mid-gut,  272  J  Sali^^ary  glanda,  273  ; 
Nerms  recurrens,  250;  Matpighian 
Teaaolfl,  277;  Trachea?,  288;  Ovary, 
802;  Bm-sa  copiilatrix,  303;  Teatis, 
304^  Copnlatory  organs,  305. 

Cole  pa — Carapace,  83. 

CoUombola — Gnathites,  246 ;  Ventral 
chord,  258  J  Excretory  organ,  276; 
Tracheae,  288. 

Collidaa— Skeleton,  82. 

Col nmlM©— Stomach,  658. 

Coecilijs^ — Demial  bonee,  424 ;  Vertebne, 
433  ;  Eostaehian  tube,  5^17 ;  Anditory 
onaicles,  638 ;  Kidneyn,  60  i;  Ureter, 
604;  Testes,  612;  Cloaca,  613. 

Ccolenterafca— Claaaificatioa,  90»  91 ;  Meso- 
derm, 90 ;  CcEnenchynia,  93  ;  Biblio- 
graphy, 01 ;  Form  of,  91  j  Gastrtila, 
92 ;  Hydranth,  93  ;  Sensory  organs, 
109  J  Alimentary  canal,  111 ;  Ova, 
124;  Seminal  filaments,  124, 

GcQlogenyB — ^Uterna,  615. 

Comatola— Centro-dorsal,  204;  Finnulaj, 
204;  Horvons  ays  tern,  209;  Alimen- 
tary canal,  213  ;  Blood -vessels,  218 ; 
Generative  organa,  226. 

Conchifera— Shell-gland,  33L 

Conns— Proboscis,  361. 

Oonvoluta — Aaditory  organ,  156* 

Gopelatifr— Form  of  body,  390;  Mantlet 
393 ;  House,  393 ;  Nervoua  systom, 
396 ;  Anditory  organ,  398  ;  Branchial 
sac,  300;  Entoron,  403  j  Heart,  404; 
Sexual  organs,  406. 

Copopoda — ^Appendages,  238  ;  Gnathites, 
239;  Optio  nerves,  253;  Ventral 
chord,  254;  Eye,  226;  Csoca,  268; 
Entoron,  269 ;  Excretory  organs,  276  j 
Heart,  280 ;  Germ-glands,  293. 

GonJli  urn— Skeleton,  106  j  Generative 
organs,  123. 

Cordylophora^ — Tentacles,  93, 

Coretlira— Stigmata,  2S9. 

Coronnla — Kervoua  system,  264;  Lirer, 
274. 

Corvina — Air-bladder,  468. 

Corycaida — Vential  chord,  264;  Eyea, 
266 ;  Germ-glands,  293. 

Corynactis— Urticating  capanle,  104. 

Coryno^ — Tentaclea,  93 ;  Buds,  05. 

Crabio—Stomach,  272. 

Crane— Trachea,  673. 

Craniota — Cranium,  427;  Branchial  slcele- 
ton,  427|  445,  468;  Appendicnlar 
skeleton,  428 ;  Vertebral  column, 
428;  Cephalic  skeleton,  446;  Skull, 
445,  447 ;  Nervous  syatem,  501 ; 
MedoUary  tube,  602;  Peripheral 
norvoB,  513  ;  GloBsopbaryngeal,  518 ; 
Visceral  nerves,  523 ;  fieapiratory 
cavity,  641 ;  Braiiohia?,  655 ;  OBso- 
phagua,  556;  Stomachy  656;  Liver, 
563;    Heart,    576,  677     Lymphatic 
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hearts,  576,  598;  Blood-Tascnlar 
system,  576 ;  Exoretoiy  organs,  601 ; 
Archinephrio  dact,  602. 

Crania — Cssca,  311. 

Graspedosoma — Generative  organs,  299. 

Crayfish — Green-gland,  286;  Male  organs, 
295. 

Crepidnla — Branchiso,  338. 

Cricetas — Generative  organs,  618. 

Crinoida — Pinnnlse,  196;  Arms,  199; 
Tentacles,  200 ;  Dermal  skeleton,  203; 
Mnscolar  system,  207;  Alimentary 
canal,  213;  Coelom,  217;  Blood- 
vessels, 218;  Stone-canal,  222;  Ex. 
cretory  organs,  224. 

Crocodilini — Centra  of  vertebreD,  433  ; 
Processes  of  vertebrsd,  433;  C^andal 
vertebras,  434;  Axis,  437;  Ribs, 
439;  Stemnm,  442;  Epistemum, 
444;  Covering-bones  of  sknll,  469; 
Lachrymal,  459 ;  Falato-quadrate, 
459 ;  Pterygoids,  461 ;  Palatines, 
461;  Maxilla,  462;  Hyoid,  472; 
Shonlder-g^irdle,  476;  Carpns,  481; 
Phalanges,  461;  Ilinm,  484;  Pelvis, 
485;  Tarsns,  488;  Toes,  490;  Cal- 
canenm,  490;  Abdominal  ribs,  496; 
Diaphragm,  4id9, 574;  Metencephalon, 
507 ;  Optic  bnlb,  529 ;  External  ear, 
538;  Turbinate  bone,  547;  Nasal 
glands,  548;  Teeth,  550;  Stomach, 
557;  Mid-gnt,  561;  Liver,  564; 
Mesentery,  566 ;  Larynx,  670 ;  Lnngs, 
573;  Abdominal  pore,  674;  Coslom, 
674;  Heart,  682 ;  Arterial  arches, 
682;  Carotids,  687;  Arterial  inter, 
costales,  689;  Renal  veins,  594; 
Lymph  sinuses,  699;  Thymus,  600; 
Testes,  614 ;  Copulatory  organs,  621. 

Crow — Syrinx,  572. 

Cmstacea — Blood-corpnscles,  29  ;  Der- 
mal branchisB,  46;  Form  of  body, 
234;  Nanplins  stage,  286;  Head, 
235 ;  Cephalothorax,  236 ;  Appen. 
dages,  238 ;  Branchias,  240 ;  Integu- 
ment, 248;  Spines  or  setae,  249; 
Muscular  system,  251 ;  Optic  nerves, 
253 ;  Visceral  nervous  system,  264 ; 
Tactile  rods,  260 ;  Olfactory  organs, 
261;  Simple  eyes,  266;  Compound 
eyes,  265;  Faceted  eye,  267;  Ali- 
mentary canal,  267 ;  Masticatory 
stomach,  268 ;  Salivary  glands,  273 ; 
Liver,  275;  Excretory  organs,  276, 
286;  Fat  bodies,  278;  Copulatory 
organs,  299 ;  Seminal  elements, 
806. 

Ciyptobranchus — Hind-limb,  488;  Lung^, 
573. 

Cryptochiton — Spicules,  330. 

Cunina. — Cartilage  cells,  26;  Gelatinous 
disc,  107 ;  Marginal  vesicles,  110. 

CurculionidsD — ^Ventral  chord,  254. 

Cuvieria — Integument,  207. 


Cyanea — ^Marginal  filaments,  102. 

Cyclas — ByssuB  gland,  329;  Auditory 
organ,  356. 

Cyclifera— Bony  plates,  424. 

Cydomyaria — Chorda,  39-1 ;  Axial  organ, 
394 ;  Auditory  organ,  398 ;  Enteron, 
404;  Gill,  406. 

Cyclops — Nauplius  stage,  234;  Appen. 
dages,  238. 

Cyclostoma — Lung,  339. 

Cyclostomata — Nerve  fibres,  33  ;  Verte- 
bral column,  428;  Vertebrae,  438; 
Skull,  447 ;  Branchial  skeleton,  468 ; 
Muscles,  ^2;  Brain,  604;  Spinal 
chord,  610 ;  Optic  nerves,  516 ;  Glos- 
sopharyngeal, 618;  Homy  teeth, 
5^ ;  Hypobranchial  groove,  653 ; 
Fore-g^t,  656 ;  Mid-gut,  659 ; 
Branchial  artery,  579 ;  Caudal  vein, 
679 ;  Kidney,  603 ;  Cloaca,  619. 

CydippidaB — Axes,  101 ;  Grappling  lines, 
103 ;  Gastric  system,  117. 

Cymbulia — Hermaphrodite  glands,  382. 

Cymbulidae— Foot,  324. 

Cynips — Stomach,  272. 

Cynthia — ^Muscular  system,  895. 

Cyprinoids — Caudalregion,  431  ;Vertobr8B, 
439 ;  Beards,  525 ;  Gustatory  org^n, 
526 ;  Auditory  organ,  534 ;  Sacoulus, 
534. 

Cythera — ^Nervous  system,  845;  Audi, 
tory  vesicle,  857. 


Dactylethra — Tongue,  552. 

Dactylogyrus — Visual  organs,  154. 

Daphnia— Figure  of,  268 ;  Caeca,  268  ; 
Respiration  in,  269. 

Daphnida — Branchiae,  243. 

Dasypus— Pterygoids,  466;  Pelvis,  486; 
Dermal  muscles,  498. 

Dasyurus — Tympanic  bone,  466. 

Decapoda — Cephalothorax,  236;  Appen. 
dages,  239;  Mandibles,  239;  Maxillae, 
239;  Maxillipeds,  239;  Locomotor 
appendages,  239 ;  Feet,  240 ;  Bran, 
chiae,  242 ;  Ventral  chord,  254 ;  Au- 
ditory vesicles,  261;  Masticatory 
stomach,  268;  Liver,  274;  Heart, 
281;  Male  organ,  295;  Seminal 
elements,  305. 

Delphinoidea  —  Teeth  551 ;  Pancreas 
Aselli,  600. 

Dontalium — Auditory  vesicle,  857. 

Derostomum — ^Auditory  organ,  156. 

Derotremata  —  Branchial  arches,  471  ; 
Eyelids,  529;  External  gills,  546. 

Desmosticha — Ambulacra,  197;  Integu. 
ment,  204. 

Dibranchiata — Funnel,  325;  Arms,  326; 
Internal  skeleton,  342;  Nervous 
system,  360;  Eye,  866;  Salivary 
glands,  864;  Liver,  366;  Ink-bag, 
369;    Auricles,    369;    Veins,  374  j 
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Branchial    heart,     374 1    Excretory 

Dictocjrta— Shell,  83. 
Dicyoma — OrgauTsni  of,  68^  69. 
Didelpbm— Hipplos,  422 ;  Manna,  4B2- 
Didelphys — Vagina,  621;  Erectile  bodies, 

623. 
Didemnnm — Colonies,  391- 
Di(!lngia — Support  in g^  organs,  81. 
DigiHgrnda-^IlallnXf  491. 
Dimjarifli — Internal  akeleton, 312;  Mouth, 

BinOBaarii — Pelvis,  485. 

DiphjidfiB— Nectocal jces,  96  j  Generative 
organs,  121. 

Diplopoda — Nervous  system,  255. 

Dipnoi — Yertebral  colnnm,  42H  i  Candal 
region,  131  j  Nasal  canal,  521 ;  Vc?8ti- 
bnle,  531j  Air-bkader,  568;  Blood, 
corpasoles,  576;  Gonna  arteriosus^ 
578;  Ovidaet,6U. 

Diptera— Thorax,  237;  Sel  id,  246  j  Labnini, 
246  J  Winga,  248;  Haltercs,  248; 
Ventral  cbortl,  259  ;  Auditory  orfrao, 
262;  Stomach,  272;  Mid-gvit,  272; 
Balivftry  ginuds,  274  j  Malpighian 
veaaols,  277  ;  Tracheal  vessels,  2811  j 
Ovary,  302 ;  Cement  glands,  303. 

DiscophofBr— Marginal  Ji laments,  102  j 
Golatinoua  disc,  107;  Muscular 
ByBtein,  108  j  Marginal  vesicles,  110; 
Gaatro- vascular  system,  114;  Gaatric 
filaments,  116;  Generative  organs^ 
122. 

Distonia^Entcron,  158  j  Excretory  or- 
gans, 174;  Shell-gland,  183. 

Dog—Manns,  483 ;  Pelvis,  486. 

Doliolum— Lar^iB,  390;  Sensory  organs, 
397;  Branchial  slits,  402  j  Ventral 
groove,  403 ;  Soxoal  organ,  404. 

DoUnm— Siphon,  322  j  Proboscis,  361; 
Salivary  glands,  3 64  ;  Penis,  385. 

Dolphin— Fore- limb,  482. 

Doridideo — Branchia?,  338, 

Doridopsia — Liver,  3(36. 

Doris — Bmnchice,  338 ;  Anna,  362 ;  Salt- 
vary  gland,  3&1  j  Liver,  365  ,■  Yes. 
sols,    372 1     Eeoeptaculum    seminis, 

mi, 

Drom mug— Auricle,  477  j  Colamelhi,  538* 
Dysdera— TracbeBDi  291. 
Dysay ens— Gastrio  system,  112, 
Dytisous^Viaaal   organ,  263;   Stomach, 
272 1  Hind.gat,  273. 


EoBfdinea— Shell,  306  ;  Vascular  system, 

812  J  Generative  organs,  313. 
Echidna  —  PteiT-goida,      466  ;      Dermal 

mnsclca,  193  ;  Canals  of  Gartner,  617. 
Echinidn  —  Masticatory     organs,     214  ; 

Blone- canal,  222. 
Eohinocuonmia  —    Integnmcntj       207; 

*' Longs/' 216, 


Echinodores — ^Nervous  system,  146  j  Ex- 
cretory organ,  174. 

Echinoderma  —  General  review,  192  ; 
ClasaiO cation,  193 ;  Bibliography, 
194;  Genei-al  form,  194  ;  Larvae,  194  j 
Musculftr  system,  207  j  Nervous  iyt- 
tem^  208;  Sensory  organs,  210; 
Alimentary  canal,  211 ;  Vessels,  217  ; 
Water  vessels,  219 ;  Stone-cnnal,  220 ; 
Excretory  organs,  224  j  Generative 
organs,  224. 

EohinoSda — Dermal  branchia?,  200  ;  CaK 
careens  slceleton,  202 ;  Dermal 
skeleton,  205 ;  Interna!  skeleton, 
205;  PeditellariiP,  206 ;  Masticatory 
apparatus,  206,  214;  Spines,  206; 
Muacalftr  system,  207  j  Nervous  sys- 
tem, 209;  Blood-vessels,  218;  Sfcono- 
canal,  222 ;  Generative  organs,  225. 

Eoliinorhynchus — Aciculi,  140  j  Genera- 
tive organs,  186- 

Echinothurida — Dermal  skeleton,  203  j 
Mufiticatorj  organs,  214. 

Echinus— Figure,  204i  Ped i cell aria\  206; 
Nervous  system,  209  ;  Blood-vessels, 
218;  Stone-canal,  222;  Generative 
organs,  226. 

Echiuma — Ganglion  cells,  148;  Aliuicn- 
tary  oannl,  161 ;  Vascular  system, 
171;  Excretory  organs,  175. 

Edentata— Scales,  418;  Carapace,  426 1 
Sacral  vertebnr,  -436 ;  Epistemuui, 
4^14;  Tnrbinato  bones,  'i65;  Prf- 
maxillse,  166;  Centrale,  482  ;  Cprebml 
hemispheres,  609;  Cerebelhini,  510; 
Stomacli,  558 ;  Arterial  retia,  697  ; 
Eenal  organs,  605  ;  Testes,  618. 

Elcdone^S  ackers,  327 ;  Copnlatory  or- 
gans, 328;  Salivary  glands,  36*. 

Elcphivs— Nipples,  422;  Milk  teeth,  552; 
Kenal  oi-gans,  605  j  Proetatlo  glands, 
619, 

Elysi a— Branch ifp,  339. 

Eaaliosaurii — Hind-Umb,  488. 

Enchytroeiis— Central  ganglia,  1 19. 

Enteropncusti — Branchial  fikeleton,  142; 
Alimentary  canal,  398, 

Entomostraca  —  Nauplius  stage,  235  ; 
Branchiae  213;  Eye,  264;  Masticatory 
stomach,  268  ;  '  Liver,  275  ;  Fat 
bodies,  278;  Excretory  organ,  285; 
Shell-gland,  286. 

Epeira— Eye,  2G6 ;  Tracheic,  291. 

Ephemera— Tracheal  gills,  290. 

Epbemerida^Sftlivary  glands,  274;  Ec- 
dyaifl,  289 ;  Tracheal  gille,  290 ;  Uvi- 
dnct,  302. 

Episty lis— Stalk,  83. 

Efiuns— Digits,  484  ;  Stomach,  556. 

Ednaccus^ — Dermal  mnaek'S,  493. 

Eriilia^ Pharynx,  85. 

Eaox — Vertebnn,  430;  Cartilagiooua  cra- 
ninm,  480;  Eye,  629  j  Opercular  gill 
543. 


INDEX. 


633 


Eaoopidso— Marginal  vesiolos,  110. 
Eadondriata — ^Tontacles,  93,  101 ;  Cormi, 

94;  Figure  of,  94;  Tests,  10 1. 
Eunice  —  Appendages,    136 ;     Vascular 

system,  169 ;  Grenerative  org^os,  190. 
EuniceidsD — Longitudinal     nerve-trunks, 

149. 
Euphausia — Eye,  264. 
Euploctella— Skeleton,  106. 
Euplotes — Carapace,  83. 
Euryalida  —  Arms,     196 ;     Intogumont, 

203. 
Eurylepta — ^Alimentary  canal,  158. 
Eurystomata  —  Auditory     organ,    538 ; 

Colomella,  538. 

Fabrioia — ^Auditory  organs,  166. 

Falco— Eye,  529. 

Fibrospongia) — Skeleton,  106. 

Firolidao— Kidney,  377. 

Fishes  —  Corium,  417 ;  Tegumentary 
glands,  420 ;  Vertebral  column,  429  ; 
Articular  processes,  437 ;  Bibs,  438  ; 
Hind-limb,  487 ;  IntercosUil  muscles, 
496 ;  Muscles  of  branchial  skeleton, 
407 ;  Do.  of  paired  appendages,  498 ; 
Electric  organs,  500;  Gerebellum, 
505 ;  Medulla  oblongata,  505 ;  Ar- 
achnoid, 513 ;  Spinal  nerres,  514 ; 
Olfactory  nerve,  515;  Vagus,  517; 
Visceral  nervous  system,  523 ;  Beards, 
524;  Olfactory  organs,  525;  Eye, 
528;  Optic  bulb,  529;  Lens,  531; 
Eyelids,  532;  Labyrinth,  535; 
Branchial  pouches,  542;  Enteron, 
555;  oesophagus,  556;  Liver,  564; 
Mesentery,  565;  Air-bladder,  567; 
Heart,  577;  Bulbns  arteriosus,  578; 
Branchial  artery,  578;  Carotids, 
578;  Arterial  arches,  579;  Aorta, 
579;  Arteria)  intercostales,  589; 
Venous  system,  590;  Ductus  Cuvieri, 
590;  Jugular  veins,  590;  Cardinal 
do.,  590;  Caudal  do.,  590;  Portal 
system,  590;  Benal  portal  system, 
590;  Inferior  vena)  caveo,  593; 
Lymph  sinuses,  598;  Lymphatic 
hearts,  599 ;  Lymphatic  glands,  600 ; 
Ova,  609;  Sperm,  609;  Efferent 
ducts,  610. 

Pissnrella — Branchiae,  337;  Heart,  871; 
Excretory  organ,  377;  Generative 
glands,  385. 

Flagellata — Protoplasm,  76. 

Flea— Ovary,  801. 

Flies — Nervous  system,  257. 

Flustra— Hind- gut,  161. 

Foraminifera — ^Protoplasm,  76;  Shells, 
81. 

Forficulidflo— Elytra,  247. 

Formica — Masticatory  stomach,  272. 

Fowl  — Hyoid,  472 ;  Brain,  507 ;  Auditory 
organ,  533 ;  Stomach,  557 ;  Develop, 
ment  of  arteries,  587. 


Frog— Vertebral  column,  433;  Brain, 
505 ;  Branchial  plexus,  514 ;  Cephalic 
arteries,  586;  Arterial  system,  586; 
Benal  veins,  594. 

Fungia)— Colonies,  100;  Skeleton,  106. 

Gadus— Skull,  452 ;  Shoulder-girdle,  475. 

Craleodea — Nervous  system,  256;  Ganglia, 
256;  Digestive  organs,  270;  Lungs, 
291 ;  Generative  organs,  297. 

Galeus— -Ovaries,  610. 

Gallina)— CsDca,  562. 

Gammarus — Heart,  280. 

Ganoldei — ^Vertebral  column,  429 ;  Trans- 
verse processes,  431 ;  Fin  rays,  432 ; 
Bibs,  439;  Cartilaginous  cranium, 
450;  Mandibular  apparatus,  453; 
Operculum,  455 ;  Shoulder-g^dlo, 
475;  Thoracic  fin,  478;  Pelvic-girdle, 
484;  Ventral  fin,  487;  Olfactory 
lobes,  504 ;  Thalamencephalon,  504 ; 
Sinus  rhomboidalis,  505 ;  Medulla 
oblongata,  505;  Optic  nerves,  517; 
Ciliary  processes,  530 ;  Spiracle,  537 ; 
Spiracular  cleft,  513;  Teeth,  550; 
Enteron,  555;  Spiral  valve,  560; 
Air-bladder,  567 ;  Conus  arteriosus, 
578;  Aorta,  585;  Kidneys,  60i; 
Mullerian  ducts,  610;  Cloaca,  619. 

Gasteropoda— Velum,  319 ;  Foot,  321, 323 ; 
Mantle,  322;  Siphon,  322 ;  Tentacles, 
326,  352;  Integumentary  glands,  329; 
Shell,  332 ;  Operculum,  335 ;  Branchiss, 
337 ;  Internal  skeleton,  341 ;  Cerebral 
ganglia,  347 ;  Buccal  ganglia,  351 ; 
Olfactory  organs,  352;  Visual  or- 
gans, 353;  Auditory  organs,  356; 
Alimentary  canal,  358;  Jaws,  860; 
Circulatory  centres,  368,  Auricles, 
369,  373 ;  Heart,  371 ;  Vessels,  371 ; 
Blood-fluid,  375;  Excretory  organ, 
377 ;  Generative  organs,  381 ;  Effe- 
rent ducts,  382. 

Gkbsterostomum — Pharynx,  158. 

Geckotidae— Teeth,  551. 

Geophilus — Nervous  system,  225. 

Gephyrea — Incomplete  metamerism,  310 ; 
Bespiration  in,  136;  Integumeot, 
136;  Cilia,  137 ;  Dermal  glands,  141 ; 
Cerebral  mass,  148;  Alimentary 
canal,  161;  Vascubu*  system,  170; 
Excretory  organs,  174;  Generative 
organs,  189. 

Gerardia— Generative  organs,  122. 

Geryonida) — Nervous  system,  109;  Mar- 
ginal vesicles,  110. 

Glomeris — Enteric  canal,  271 ;  Traoheao, 
288. 

Glycera — Visceral  nerves,  151 ;  Vascular 
system,  170. 

Glyceridas — Blood-corpuscles,  172. 

Gnathostoma — Nerve-fibres,  33;  Cranium, 
4-17 ;  Lower  jaws,  448 ;  Palato-quad- 
rate,    448;    Dermal    muscles,    492; 
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Optic  nerveB,  B15;  ScmicircQlar 
raiialg,  634  j  HTi^obiaiicliial  groove, 
554. 

Goat^Skall,  463, 

Gordmcea — Alimentary  canal,  160  j  Ex- 
cretory orgnne,  173. 

Gordius — Alimentarj  canal,  160;  Ex- 
cretory orgntifl,  173 ;  GcQerative 
organs,  185, 

G  rail  ato  re  8— Optic  bulb,  529  |  Pec  ten, 
531. 

GregiiriDa^^SoDSory  organ  b,  42;  Form 
of,  76  J  CnticnJar  layer,  78  ;  "  Head,'* 
80;  Nutrition  io,  63 ;  Figure  of,  B7  ; 
Eeprodnctioa  in,  87  j  FBetidouavi- 
celln?,  87* 

Gynmolsemat  ft— Cells,  139, 

GjmnopbioDa — Hlhs,  439. 

Gymnoaomata— Cepbaloconi  of,  326  j  Ko- 
Bpiratory  organs,  339, 

Gymnot as— Electric  organs,  500. 

Haliotis  —  Epipodiiim,  324 ;  Branchitp, 
337  ;  Ganglionic  cbain»  347  j  Heart, 
371 ;  Excretory  organs,  377  j  Germ- 
gland,  385, 

Halisnrca— Ectoderm,  103;  Sexual  organs, 
119. 

Halm atumfi— Nipples,  422  ;  YdnB,  691 ; 
Erectile  Ijodies,  623, 

Harpa— Siphon,  323 ;  ProbosciB,  361 ; 
Fonie,  386, 

Hedegsa— Cteca,  268. 

Holicinj©— Shell,  332  j  Lung,  339  ;  Bpcr- 
xoatophoree,  383 ;  Hcceptaoulum 
seminis,  383, 

Heliozoa — Protoplasm,  76. 

Helix— Tentacles,  326  j  Haemal  spaccfl, 
373;  Hermaphrodite  glands,  382  j 
Generative  apparatus,  383. 

Homiptora— Sotte,  246;  Winge,  248; 
Ventral  chord,  259  j  Stomach,  272  ; 
Mid-gut,  272 ;  Malpighian  vcebcIs, 
277  J  Generatirc  organs,  302  ;  Testis, 
804. 

He rmella— Tentacles,  134  ;  Appendages, 
136 ;  Ganglia,  160  j  Vascular  Bystenij 
170. 

Heterakis — ^Alimentary  cana!,  159. 

Heteropoda— Gelatinous  tJB8ue»  25;  Shell, 
822,  332;  Foot,  324;  Cutis,  328; 
B  ranch  j  ED,  338;  Muscular  system, 
342 ;  CommiBsurcB,  348 ;  Olfactory 
organ  ^  352 ;  Eye,  35^i ;  Auditory 
vesioleB,  357;  Radulo,  360;  Crop, 
361 ;  Excretory  organs,  378  j  Eecep. 
t«culum  scminisr  385 ;  Penis,  385. 

Heterotricha— Cilia,  79. 

Hippolyta — Auditory  vesicles^  261, 

Himdinea— Bcepiration  in,  136;  Integu- 
ment,  186 ;  Dermal  glands,  141  ; 
Muicnlar  systeni,  142;  Muscular 
fibres,  144;  Nervons  By  stem,  149; 
Ventral  gaDglla^  150;  Visceral  nervcfl 


151;  Ctip-shaped  organs,  153;  Vis- 
ual organs,  164;  Foro-gut,  162; 
Enteric  gland  a,  164;  Vascular  nys- 
tem,  167;  Excretory  organs,  177; 
Generative  organs,  186  ;  Generative 
products^  190,  Spermatophores,  191. 

Himdo— Vascular  system,  167 ;  Excretory 
orpttJB,  177  ;  Generativ©  organs,  187. 

Histiotbeatifi — Eye,  355. 

HocmopiB — Mid- gut,  162  ;  Generative  or- 
gans, 187  ;  GoncrativQ  products,  190. 

Holothuria — Alimentary  canalj  214;  Foliaii 
veflicles,  223. 

Holotburiio — Integnment,  207. 

Holothureida^ Ambulacra,  197;  Tentacles, 
200 J  Calcareous  skeleton,  202;  In- 
tegUTDent,  206;  Internal  skeleton, 
207  ;  Muscular  system,  208 ;  Nervous 
system,  210;  Sensory  organs,  210; 
Alimentary  canal,  211,  214;  '*  Lungs," 
215  ;  Ccelom,  217  j  Blood-vesBcls,  2I85 
Stone. canal,  221 ;  Polian  vesicles, 
222;  Water-vessels,  223;  Excretory 
orgauBj  224;  Generative  organs,  226. 

Holotricha— Cilia,  79, 

Horaaros^^Male  organs,  295. 

Hyfiena — Kidney,  605. 

Hyaleidfc— Pont,  321;  Respiratory  or- 
gans, 339;  Hermaphrodite  glands, 
382. 

llyalonema — Skeleton,  106, 

Hvdra — Neuromuscular  cells,  80  j  Cormi, 
94. 

HydrBD — Generative  buds,  120. 

Hydraetinia— Tentacles,  93,  101 ;  Bnds, 
95;  Polyiijorpliisiu  in,  95;  Teats,  10-1. 

Hydriformes — Musculai*  Byst4mi,  108. 

Hydrobiue — Generative  organs,  308. 

Hydrocbasrns — Uterus,  615. 

Hydroida — ^Muscalature,  39 ;  Tentacles, 
93;  McduBH?,  93;  Buds,  95;  Teste, 
104 ;  Supporting  lamella,  107 ; 
Nervous  system,  109 ;  G  astro  vascular 
system,  114  ;  Ova,  124. 

Hydroid  Polyps — Flagellate  cells,  21. 

HydromcduBfiB — Tentacles,  101 ;  Mnaou- 
lar  system,  108;  Marginal  vesicles, 
110 ;  Gastric  system,  116;  Pigmented 
investment  of  stomach,  118;  Separate 
Bcxes,  120, 

Hy  d  rophilu  s—  D  e velopmen t ,  245, 

HymenopteiTi — Gnathites,  246  ;  Lingusn, 
240  ;  FaraglossBD,  246  ;  Wings.  218  ; 
Dermal  skeleton,  269;  Wax  orpins, 
250;  Spinning  vessels,  250 ;  Vtutral 
chord,  259;  Stomach,  272;  Malpi- 
ghian vessels,  277  ;  Tracheal  vesicles, 
289  ;  Generative  organs,  802 ;  Testis, 
304. 

Hypcrida — Optic  nerves,  253;  Auditory 
vesicles,  261. 

Hypotricha— Cilia,  79. 

Hytax — Dorso-lumbar  vcrtebrsD,  436  j 
Testes,  618, 
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lohneninomda — Mid-gat,  272  ;  Cement- 
glands,  303. 

lohthjornis — ^Teeth,  651. 

Infusoria — Sensory  organs,  42 ;  Alimen- 
tary  canal,  47;  Protoplasm,  77; 
Naclens,  77 ;  Cuticular  layer,  78 ; 
Figure  of,  79;  Skeleton,  83;  Con- 
tractile  vacuoles,  8S;  Gonjugation, 
89. 

Insecta — ^Alimentary  canal,  48;  Head, 
235;  Metameres,  237;  Thorax,  237; 
Gnathites,  244 ;  Mouth  organs,  245 ; 
Feet,  245 ;  Mandibles,  245 ;  Maxillie, 
245 ;  Feet,  246 ;  Dorsal  appendages, 
247;  Wings,  247;  Integument,  248 ; 
Spines,  250;  Spinning  vessels,  250; 
Nervous  system,  257 ;  Granglia,  258 ; 
Visceral  nerves,  259 ;  Nervus  recur- 
rens,  259;  Kervi  transversi  aocessorii, 
260;  Tactile  rods,  260;  Olfactory 
organs,  261 ;  Auditory  organs,  261 ; 
Simple  eye,  265;  Compound  eyes, 
266;  Faceted  eye,  267;  Enteric 
canal,  270 ;  Malpighian  vessels,  271, 
273,  276;  Hind-gut,  273;  Salivary 
glands,  274;  Subneural  cavity,  279; 
Blood-cells,  280;  Also  cordis,  283; 
Circulatory  organs,  283 ;  Aorta,  283 ; 
Ecdysis,  289;  Germ.glands,  292; 
(Generative  organs,  800,  804;  Par- 
thenogesis,  302;  Fseudova,  802; 
Seminal  elements,  805;  Copnlatory 
organ,  306. 

Insectivora — Centrale,  482;  Symphysis 
pubis,  486;  Fibula,  490;  Cerebral 
hemispheres,  509 ;  Yenas  cav89,  692 ; 
Testes,  618;  Yesiculse  seminales,  618 ; 
Prostatic  vesicles,  619. 

Isopoda — Branchiss,  241 ;  Ventral  chord, 
255 1  Compound  eyes,  267;  Chyle 
intestine,  268;  Liver,  276;  Heart, 
280 ;  Female  organs,  294 ;  Seminal 
elements,  305. 

Ixodes — Generative  organs,  298. 

Janthina — Branohise,  838. 

Jnlus — Salivary  glands,  274 ;  Malpighian 

vessels,  276;  Benal  concretions,  278; 

Circulating  system,  284 ;  Generative 

organs,  299. 

Labyrinthobranchiata — Branchial  an^s, 
470. 

LsBmargus — Ovaries,  610. 

Lacerta— Columella,  458;  Frontals,  468. 

Lagomys— Cansum,  662. 

Lagostomus— Uterus,  616. 

Lamellibranchiata — ^Velum,318;  Diagram 
of,  819;  Foot,  321;  Tentacles,  326; 
Integumentary  glands,  329;  Byssus 
gland,  329;  Shell,  831;  Hinge  of 
sheU,  332;  Branchiae,  336;  Muscles, 
842 ;  Nervous  system,  345 ;  Visceral 
nerves,  361;  Tentacles,  352 ;  Visual 


organs,  853 ;  Auditory  vesicles,  357; 
AUmentary  canal,  358;  Stomach,  359; 
Hind-gut,  369;  Liver,  364;  CcBlom, 
367 ;  Circulatory  centres,  868 ;  Auri- 
cles, 369,  373 ;  Vessels,  372 ;  Form- 
elements  of  blood,  876;  Organs  of 
Bojanus,  376;  Generative  organs, 
380. 

LamellicomisB — ^Ventral  chord,  258;  Tra- 
cheal vesicles,  289. 

Lemur — Dorso-lumbar  vertebras,  436. 

Lepadidas — Dermal  skeleton,  249;  Ven- 
tral chord,  266;  "Cement  glands," 
286 ;  Hermaphroditism  in,  291. 

Lepidoptera — ^Thorax,  237;  Mouth  orgaus, 
246;  Feet,  246;  Wings,  248;  Spinning 
vessels,  250;  Nervus  recurrens,  259 ; 
Malpighian  vessels,  277;  Tracheal 
vesicles,  289 ;  Ovary,  302 ;  Cement, 
glands,  303 ;  Bursa  copulatrix,  303. 

Lepidosiren — ^Vagus,  617 ;  Air-bladder, 
668;  Heart,  680;  Aortic  arches,  680; 
Allantois,  620. 

Lepidosteus — Opercular  gill,  643 ;  Spiral 
valve,  660. 

Lepisma — ^Ventral  chord,  258. 

Lepus — Uterus,  617;  Urogenital  canal, 
619. 

Leptocardii — Notochord,  426;  Olfactory 
organs,  526 ;  Vertebrae,  438. 

Leucifer — ^Auditory  vesicles,  261. 

Libellulida&— Tracheal  gills^  273;  Salivary 
glands,  274 ;  Bespiration  in,  290. 

Limax — Tentacles,  826;  Byssus  gland, 
329;  Shell,  382;  Lung,  339. 

Limicolae — ^Excretory  organs,  177 ;  Gene- 
rative organs,  186. 

Limnadia — Shell,  236;  Bespiration  in, 
269;  Liver,  274;  Ovary,  294. 

Limnadiaceae — Branchiae,  241. 

Limnetis — Branchiae,  241. 

Linens — ^Proboscis,  141. 

Linguatulidao — Tracheae,  291. 

Lingula— Gill,  308;  Stalk,  808;  Alimen- 
tary  canal,  311 ;  Caeca,  311 ;  Vascular 
system,  812. 

Lisarmatidse — "Lungs,"  216;  Excretory 
organ,  812. 

Littorina — ^Denticles,  860 ;  Stomach,  862; 
Penis,  386. 

Lizard— Foot,  489  ;  Arteries,  687. 

Lizzia — Tentacles,  101. 

Looustidae — ^Auditory  organs,  262. 

Loemodipoda — Compound  eyes,  267. 

Loliginidae — Fins,  326  ;  Arms,  326  ; 
Calamus,  336;  Respiratory  organs, 
840;  Eye,  855;  Pharynx,  361,  362; 
Digestive  organs,.  363 ;  Liver,  366 ; 
Ink-bag,  367;  Circulatory  centres, 
368;  Arteries,  874;  Oviduct,  886; 
Pouches  of  Needham,  387. 

Loligopsis — ^Eye,  355;  Caeca,  363. 

Lophobranchii— Carapace,  424 ;  Bibs 
438;  Vertebrae,  439. 
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LophoptiB— Cdle,  139. 
Lottiiv— Brancbia?,  a37. 
LrjxoBomft^Tetitacles,  134. 
LticernarJB — Margiwal     filairiciitB,     102  j 

Gnatro vascular  system,  112. 
Lncitc — ColonieB,  391, 
Lnt'ioa — NcrvoRs  Fj'^stetn,  3i5. 
Luidii!— Alimciitarj'  canal,  213. 
Lumbncida3 — GnOKli'^t      !&}  i      VhceraA 

nerves,  161 ;  Exeretory  organa,  177  ; 

GeDcuative  organ e,  185. 
Ltiiiibrkiulus— Vaacular  eygtem,  169- 
Lumbricns — Mtiacnlar      stomach,      162  ; 

Vascular    pystcni,    167 1     Excretory 

orgftng^  17B. 
Lutra— Testes,  CIS. 
Liilraritt — Ganglin,,  31B. 
Ljcosa— Ciruuiatory  eyBiem,  284;    Tra- 

chen?,  291. 
Lyniiia?idi3D — Ltioff,  339. 
Lypidice — Maxillary  apparatuB,  162. 
LjnDDfciis — Crup,  361. 

Macgtllirraya — Yelutn,  321. 
Macropus — Turbjimte  bonee,  547. 
Macrotarfii^Calcancun]^  490. 
Mftcrostorna — Generative  orgaDB,  160. 
Mocrura — Ventral    chord,    254 1    Heart, 

281 J  Male  organs,  295. 
Mactra— Siphons,  320;  Ganglia,  3 15,  3  JO  j 

Tentacles,  3&2j  Ctuloni,  3G7 ;  Genital 

canal,  3HL 
Madreporea — Skeleton,  106. 
Madreporintc — Gene  rat  ivo  orgnns^  122. 
Mala  cost  raca— Development,  234  ;    Nau- 

p!iuB,235;  Appendages,  239 j  Vcntni! 

chord,  253  j  Auditory  vesicIeB,  261 ; 

Cieca,  268. 
JlnlapternniB — Elect  no  orgaue,  500 
Malleus — ByBsns  gland »  329. 
Mallophagus — Generative  organfl,  SOS- 
Mammalia — Stcimacli,    9 1    Blood-corpnF- 

clefl,  29  J  Corium,  417  j  Hoofs,  419  j 

Haii«,      420  J     Anal     glnnda,     421  j 

Mamillary    glantls,    421  j     Verlebml 

column,  435  ;  ProceaFca  uf  vertebiir, 

436  ;  Cervical  vertebnu,  436  j  Caudal 
Tertobnr,    436 ;     Odontoid    proceae, 

437  J  Ribs,  141  j  Cervical  ribs,  441  j 
Btcrntim, 442  ;  Clavicles,  442  ;  Xiphoid 
procees,  4-12  ;  Epistomnm,  4-14  j  Pri* 
niordial  ejauiom,  463  j  Tympanic 
bone,  466  J  MeokeVs  cartilnge,  467  j 
Gl&Bedan  fissure,  467;  StapeB,  467; 
Hjoid,  472  ;  Coracoid,  476j  Scapula, 
476  i  ManuB,  182;  Pelvis,  4^5  j 
Hind- limb,  490;  Dennal  innHeles, 
493 ;  Dorsal  niuselcB,  495  j  Inter- 
costal  luusclefi,  496  ;  M.  pyramidal  is, 
496 1  MttBticatoiy  muBcles,  497 ; 
Diaphmgui,  499,  574  j  Corpna  Etria. 
loni,  608  J  Comu  iimmonis,  508 ; 
Fomixt  509;  Cerebral  hemiepheres, 
609;   Gyn',   &09;  Sulci,   609;    Tha- 


lami  optici,  509;  Kpipbyds,  509; 
Meeemcephalon,  509 ;  Aqno^dDctoa 
Sylvii,  609;  Corpora  qnadrigemina, 
509 ;  Cerebellum,  610  j  Pons  Varolii, 
510;  Spinal  chord,  512;  Falx  cerebri, 
512;  Tentorium  cerebelH,  512;  Ar- 
acbnolii,  513;  Brachial  plexus,  514; 
Crural  plexuses,  515;  Sacral  plexaeoB, 
515;  Olfactory  nerve,  515:  Facial 
nerve,  517;  Acccssoriufl  Williaii, 
522;  Tactile  organs,  524;  Gustatory 
organB,  525 ;  Nasal  canal,  527 ;  Organ 
of  Jacobson,  547,  528;  Stenonian 
diiota,  527,  548;  Eye,  528;  Lens, 
529 1  Optic  bulb,  529;  Sclerotic, 
530;  Optic  musctcB,  531;  Eyelids, 
532;  Harderian  gland,  532;  Lacbry- 
uial  glands,  532 ;  Lacbijnial  ducts, 
533;  Ductus  eudolympLaticufl,  534  j 
Labyrinth,  536 ;  Cochkni,  536  j 
Columella,  638;  Stapos,  538;  Audi- 
tory meatus,  539 ;  Palate,  546 ; 
Enatachiau  tube,  546 ;  Pharynx,  546  ; 
Velum  paltttinum,  5 16,  549 ;  Nasal 
cavity,  647 ;  Turbinate  honen,  547  i 
Teeth,  550  ;  Milk  teeth,  552 ;  ToDgue, 
552 ;  Buccal  glands,  553  ;  Thyroid 
gland,  554 ;  Stomach,  558  ;  Mid -gut, 
561 ;  Hind-gat,  662 ;  Ca:?cnm,  562  i 
Cloaca,  563,  620;  Liver.  563,  564 1 
Mesentery,  565 ;  I*arynx,  670 ;  Epi- 
glotliB,  571 ;  LungH,  573 ;  Ccelom, 
574;  Blood -corpuscles,  576;  Heart 
583  ;  Arterial  system,  583  ;  Aariclea, 
583  ;  Atrio- ventricular  valve,  68-1  j 
Aortio  arches,  581 ;  Ligameutum 
Botalli,  585;  Aorta,  588;  lechiao 
arteries,  589 ;  Vertebral  veins,  592  j 
Vena  azygosj  593 ;  Jugulars,  593 ; 
Inferior  vetia  cava,  595;  arterial 
rctia,  597 ;  Pleural  cavity,  598 ; 
Lymph,  sin  uses,  690 ;  Pcyen'an 
glands,  600;  Lymphatic  glanda, 
600;  Thyroua,  GOO;  Betial  organs, 
COS  ;  Urachos,  606 ;  Urinary  bladder, 
606  J  Ova,  609;  Sperm,  609;  Genera- 
tive organs,  615;  Ovaries,  617; 
Male  organs,  617;  Mullcrian  duct, 
617;  Placenta,  620;  Chorion,  620; 
Prepuce,  621 ;  Clitoris,  624 ;  Cowjier's 
glands,  624. 
Man— Mastoid,  464;  Hyoid,  472;  Cen- 
trale,  482  ;  Manns,  483;  Pelvis,  486  i 
Dermal  mueclea,  494;  Mastitatory 
muscles,  497  ;  Choroid,  630 ;  Auditory 
meatus,  539  ;  Turbinate  boncB,  M7  ; 
Ctt'cum,  502 ;  Appendix  vermiformis, 
562 ;  Venona  system,  696 1  Uterus, 
615;  Hymen,  616;  Prostatic  vcfiiclc, 
619. 
Manatee — Cei-vical  vertebrcp,  436. 
Marsu pi !iUa— Nipples,  422  j  Odontoid  pro- 
cesf^es,  437  ;  Epittterniani,  441  x  Para- 
raaetoid,  463;  PclviS|486i  MorBupial 
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bones,  487;  Hallux,  491;  M.  pyra- 
midalis,  496 ;  Cerebral  oommissures, 
608;  Cerebellum,  610;  Stapes,  638; 
Tnrbinate  bones,  617;  Sinus  maxfl. 
laris,  648 ;  MUk  teeth,  652 ;  Thyroid 
f^land,  554;  Stomach,  558;  Liver, 
664;  Auricles,  583;  YensB  cava),  692 ; 
Renal  organs,  605;  Oviducts,  615; 
Copulatory  organs,  622;  Erectile 
bodies,  623;  Scrotum,  618;  Yas 
deferens,  618 ;  Testes,  618. 

Medusa) — Gelatinous  tissue,  25 ;  Cartilage 
colls,  26 ;  Cartilaginous  skeleton,  38  ; 
Nervous  system,  109. 

Helolontha— Mid.gut,  272;  Heart,  283; 
(Generative  organs,  304. 

Henobranchus — Yertebrse,  432;  Enteric 
canal,  661 ;  Trachea,  671. 

Menopoma — Yertebrse,  432;  Hind-limb, 
488 ;  Trachea,  671. 

Hermis — Excretory  organ,  174;  Genera, 
tive  organs,  185. 

Mesostomum — ^Nervous  system,  145 ;  Yis- 
nal  organs,  154. 

MicrostomesD — Generative  organs,  183. 

Mites — Benal  concretions,  278. 

MnemidsD — Axes,  101. 

Hoeandrina — Colonies,  100. 

Molgula — Nervous  system,  895;  Sexual 
organs,  407. 

Holpad^a — ** Lungs"  216;  Cuvierian  or- 
gans, 216;  Polian  vesicles,  223. 

Hollusca— Connective  tissue,  24;  Carti- 
laginous  skeleton,  38;  Dermal  bran- 
ohisa,  46 ;  General  review,  315 ;  Clas- 
sification,  316;  Bibliography,  317; 
Form  of  body,  318;  Yelum,  318; 
Appendages,  326 ;  Integument,  828 ; 
Cilia,  328;  Shell,  330;  Branohise,  336 ; 
Nervous  system,  343;  Sensory  organs, 
361 ;  Tentacles,  352 ;  Yisual  organs, 
363 ;  Auditory  organs,  358 ;  Alimentary 
canal,  358;  Pharynx,  359;  Badula, 
360;  Liver,  364;  Pancreatic  gland, 
356;  Coslom,  367;  Yascular  system, 
368;  Blood-fluid,  376;  Excretory 
organs,  46,  375 ;  Generative  organs, 
380. 

Monitor — ^Frontals,459;  Pelvis,  485;  Eye, 
629. 

Monodelphia — Stapes,  638 ;  Genital  canal, 
615 ;  Scrotum,  618. 

Monotremata — Mammary  glands,  421 ; 
Odontoid  process,  437;  Epistemum, 
444;  Coronoid  process,  467;  Coracoid, 
476 ;  Scapula,  476 ;  Marsupial  bones, 
487;  M.  pyramidalis,  496;  Cerebral 
commissures,  608;  Cerebellum,  610; 
Olfactory  nerve,  516;  Eye,  630; 
Lagena,  636 ;  Stapes,  538 ;  Auditory 
meatus,  539;  Homy  teeth,  649; 
Thyroid  gland,  554;  Stomach,  658; 
Cloaca,  663,620;  Foramen  ovale,  684; 
Yense    cavse,  692;     Oviducts,    616; 


Testes,  618 ;  Yas  deferens,  618 ;  Copu- 

latory  organs,  622. 
Mormyrus — ^Electric  organs,  500. 
Moschida) — Manus,  483. 
Mnelleria — Cuvierian  organs,  216. 
Murex— Siphon,  322 ;  Dermal  glands,  329*; 

Proboscis,  361 ;  Anal  glands,  362. 
Mus — Uterus,  615. 
Mustelina — Caacum,  562. 
Mustelus — Ovaries,  611. 
Musca — Proboscis,  260;  Malpighian  ves. 

sels,  277. 
Musciday— Heart,  283. 
Mya^-Ganglia,  346. 
Mygalida — ^Lungs,  291. 
Myrianida — Appendages,    136;     Yisua 

organs,  136. 
Myriapoda— Head,  236;   Form   of,  237; 

Gnathites,    244;    Integument,  248; 

Nervous  system,  265;  Tactile  rods, 

260;  Eyes,  265 ;  Enteric  canal,  260; 

Salivary    glands,    274;    Malpighian 

vessels,  276 ;  Benal  concretions,  278 ; 

Circulatory  system,  283;    Trachea), 

280;  Germ.glands,  292;   Generative 

organs,    299;      Seminal     elements, 

305. 
Mysis — BranchisD,  241 ;  Auditory  vesicles, 

261;     Heart,   281;    Female  organs, 

294  ;  Seminal  elements,  305. 
Mytilidso — Respiratory  cavity,  320. 
Mytilus — ^ByssuB  gland,  329;  Branchiso, 

336 ;  Genital  canal,  381. 
Myrmecophaga — Jugal,  466. 
Myxinoidea  —  Auditory    capsules,    448  ; 

Trunk    muscles,   494;    Brain,    604; 

Yisceral  nervous  system,  523 ;  Laby. 

rinth,  633;    Systemic  arteries,  685; 

Carotids,  586 ;  Kidney,  603 ;  Ovaries, 

610. 
Myzostoma — Intestinal  tube,  163. 

Naiades — Byssns  gland,  329 ;  Auditory 
vesicles,  359. 

Naroine — Electric  organs,  500. 

Nassula — Pharynx,  86. 

Natatores — ^Anal  glands,  420 ;  Optic  bulb, 
629;  Pecten,  631;  Stomach,  658; 
Trachea,  671 ;  Lymphatic  hearts, 
699 ;  Copulatory  organs,  621. 

Nauplius— Append^es,  238 ;  Eyes,  264. 

Nautilus  —  Funnel,  325  ;  Copulatory 
organs,  327 ;  Shell,  333 ;  Respiratory 
organs,  340 ;  Cephalic  cartilage,  342 ; 
Nervous  system,  360,  351 ;  Eye, 
354;  Otocyst,  357;  Pharynx,  362; 
Caeca,  363 ;  Circulatory  centres,  368 ; 
Branchial  veins,  373 ;  Excretory  or- 
gans, 379 ;  Oviduct,  386. 

Nemathelminthes — ^Muscular  system,  142 ; 
Muscular  fibres,  144;  Nervous  sys- 
tem, 147;  Alimentary  canal,  157; 
Genital  products,  190. 

Nematodes — Muscular     system,      142  ; 


^^^CS^^^^^^^^^^WDEX^^^^^^^^^^^^^l 

^^^^^^h          Lnteml   lino,    145;   Taotilo  papilleB, 

Squamosal,    458;     Columella,   458; 

^^^^^^r           153^  Generative  organs^  184;   Bemi* 

Covering -bones  of    skull,  459;   Vo- 

^^^^V                Tial  elcmGntSt  191. 

mer,     459  ;     Palato.t|aadrate,    459  j 

^^^1          Kemertcs— Prob  oacie,  141 ;  Viatial  tM-gans, 

Quadrate,  460;  Pterygoids,  461 ;  Pala- 

^^B 

tines,  461  ;  Maxilla,  4(i2{  Hyoid,472: 

^^^K         Kemertima. — IncompletemetameiiBm.lSO; 

Fore-Umb,  481 ;   Toes^  489  ;   Dermal 

^^^^^H            Froboscii^p  140, 141 ;  NerirouB  fiyfiiemi 

niuBclee,  493;   Intercostal  do.,  496; 

^^^^^H            147;  Tactile  eeim,  152  ;  Cephalic  piU, 

Masticatory    dn.^  497;    Brain,    507; 

^^^^^V            153  1  Vistiftl  organs,  154;  Alimentary 

Optic  bu^j,  529 ;  Ductus  endolymph- 

^^M               caml,  157. 

aticos,  534;  Tympanic  cavity,  637  j 

^^^1          Kedmeoia— NerrouB  fljBtem,  152 1  Enteric 

Palate,    5'l-6 ;    'Nasal    glands,    548; 

^^^H                  brikncMiE>,  164. 

Organ  of  Jacobeon,  5 18 ;  Teeth,  560, 

^^^H           Neoplia^ta^Yianal  organs,  155. 

552  ;  Labial  glands,    B53 ;  Stomach, 

^^^H          Kepa — Respiratory  tube,  289, 

657;  Mid-gut,  561  j   Hind.gut,  562; 

^^^H          Kephelis— Yaacular  syatem,  167  ;  Excre* 

Liver,  564 ;  Mesentery,  565  ;  Larynx, 

^^^^B                   lory  organs,  177 ;    Generative  pro« 

570;  Lungs,  573  j  Heart,  581 ;  Caro- 

^^H                  ducts,  190. 

tids,    587  ;     Epignalric    veins,   595  ; 

^^^H          Kepbropoonsta  —  Bbell,     323 ;    Nervous 

OvaricB,  613;  Testes,  614;   Copnla- 

^^^H                 syBtem,  349}  Jaws,  S60;  Excretoty 

tory  organs,  621. 

^^^H                  organa,  S7S, 

Ophiothrix— Figure,  202. 

^^H          Nenta--Heart,371. 

Ophiura— Anns,  199 ;  Generative  orgaii«, 

^^^1          Neiitocea— Brancbiso,  338* 

225. 

^^H          Nerltmo— Heart,  371 . 

Ophini-ida— Larva,  195;  Rays,  196;  Anns, 

^^^1           Neuropfcera^-Thorajc,  237 ;  G  nathite^,  242 ; 

199;  Calcareous  skeleton  of    larva, 

^^^H                   Enteric  canal,  272  ;  Ovary,  302 1  Male 

202;    Integument,  203;   Alimentary 

^^^^B                    organs,  801. 

eanal,  212j  Stone.canal,  222  ;  Gener- 

^^H         Kodosaridos— Bhelii,  81. 

ative  organs,  224. 

^^^H          Notidani— Branolual  arobes,  469 1  Clofta, 

Oplury dice— Anal  opening,  86. 

^^m                  492. 

Opilionoa — Tisceral  nerves,  259, 

^^^H          KotcmiTnata^ — Excretory  organo,  175. 

Opilionida— Eyes,  266;  Caeca,  270;  He- 

^^^1          Nudibrancbiata— Branchiaj,   338^  Tenta- 

patic  tboes,  275  ;  Malpighian  vessels, 

^^^B                   cleft,   352  ;    Intestine^   362 ;  Tesaels, 

276 ;  Circulatory  system,  284 ;  Tra- 

^^H 

chea),  291 ;  Germinal  glands,  297. 

^^^H          Humidiu^Stemnm^  443. 

Opisthobianchiata— Shell,  323  j  Tentaclea, 

326;    Urtkatfng  cells,  329;    Rhino. 

^^^V           Oceaaids-^Margiiial  veaicles,  110. 

phor,  352  ;  Visual  organs,  354 ;  Jaws, 

^^H            Octactimi&— Tantaolea,  100;    TranaTersa 

360;    Salivary  glands,  36^t;    Heart, 

^^^^                  axea,  100  i  Tentocles,  102 ;  Gastric 

371 ;    Vessels,  373  ;    Circulation   in. 

^^^K                    aystem,  117. 

373;  Excretory  organs,  377;  Uterus, 

^^^^         Octopoda  —  Tentacles,    327  i      Internal 

383. 

^^^^V           skeleton,  340;    Mosclea,  343;    Oto. 

Orang— Central©,  482. 

^^^^^B           oysis,  357;    Fharynx,  362;    Liver, 

Oroheaellar^VeDtral  chord,  258. 

^^^^^           866;  Oviduct,  380. 

Oreastei^— Arms,  195. 

^^^V          Octopus — Mantle,   325;    Copnlatory  or^ 

Omitborhynchue— Ethmoid,  465;    Atrio. 

^^^^^^            ganfl,     327 ;     Eye,     355 ;     Balivaiy 

ventricular  valve,  58-1*. 

^^^^^^L           glands,    363 ;     Gironlatory    centres, 

Omithoscelida— Tarsus,  489. 

^^^^^f            868  ;  Fignre,  373. 

Orthagoriscns — Spinal  chord,  511. 

^^^^^^     Odontomithea— Toeth,  651, 

Ortboeeratites— Shell,  332. 

^^^H           GSratcdia — Nori'oua  eystom,  147j  Auditory 

Orthoptera  —  Thorax,    237;     Gnathitea, 

^^^H                   organ,  156. 

245;  Dermal  skeleton,  249;  Ventral 

^^H           Oikoplenra^''  Honse/'  393. 

chord,  258  s  NervuB  recorrens,  259; 

^^^H           Oletem— Ovaries,  296. 

Auditory  veeicle,   262 ;    Tympnnnm, 

^^^H           Olynthus— Gastrula,    93;     Pore    cazmlsj 

262  ;  Masticatory  stomach,  272  ;  In- 

^^H 

gluviea,  272;    Mid-giit,   272;    Hiod- 

^^^H           Ommatoplea — ^Nervous  ayateni,  147. 

gut,    273;     Salivary     glands,     274, 

^^^^           Onchidium — Luog,  339. 

Ovary,  302;     Testis,   304;    Seminal 

^^^H           Oniacus— Liver,  275 1  Generative  organs, 

elements,  805. 

^^m                  294, 295. 

Or^'cteropoj^— Uteras,  616. 

^^^H           OnyoWteu  til  is— Suckers,  327. 
^^^H           Oimidiaster — Generative  organs,  225. 

Ostracion^Campaco^  424. 

Ostracnda — Appendages,  238  ;  Gnathttes, 

^^^H           OpModerma— Generative  organs,  224. 

239  J  Brnnchifio,  243  ;    Dermal  skele- 

^^H          Opbidu—Seales,  418;  Centra,  433;  Pro. 

ton,  249;  Seminal  elements,  305, 

^^^^L^            oesses  of  vertebrse,  433 ;  Caudal  rer- 

Ostrea— Mnscles,  343;  Genital  canal,  881, 

^^^K           iehtm,  434;  Axin,  437 1   Bibs,  440; 

Owls— External  ear»  53a 

INDEX. 


639 


Ox— Manas,  483. 

Oxyoris — ^AUmoatarj  oanal,  159. 

Pagorns — ^Ventral  chord,  251;  Male  organs, 

295. 
Palinurus — ^Ventral  chord,  254 j  Liver,  275. 
PalsBotheriam — ^Manus,  483. 
Paladioella — Alimentary  oanal,  169. 
Paludina — Nervoua  sjstem,  348  ;  Figure, 

871;    Albaniiniparoua    gland,    385; 

Penis,  886. 
Pandora — Generative  organs,  331. 
Panorpa — ^Masticatory  stomach,  272. 
Paradoxoros — Dorso-lumbar    vertebrae, 

437. 
ParamoDciom — ^Trichocyst,  79;  Pharynx, 

85 ;  Figure,  85 ;  Contractile  vesicles 

86. 
Passeres — Stomach,  558. 
Patellar— Branchias,  337;    Badula,    360; 

Excretory  organs,  377 ;  Germ-glands, 

385. 
Peoten — Byssus  gland,  829;   Branchiro, 

337;   Muscles,   343;    Ganglia,   346; 

Tentacles,  352 ;  Visual  organs,  353  ; 

Organ  of  Bojanus,  376;  G^erative 

organs,  381. 
Peotinaria — Branchial  tentacles,  135. 
Pedicellina  —  Tentacles,    134;    Nenroas 

system,  146. 
Pelagia — ^Larvse,  99 ;  Marginal  filaments, 

102 ;  Marginal  vesicles,  110. 
Pelobates  —  Vertebras,    432 ;    Tympanic 

cavity,  537. 
PenelopidsB — Copulatory  organs,  621. 
Pennaria — Buds,  95. 
Pennatulida — Skeleton,  106;  Generative 

organs,  123,. 
Pentacrinus — Ambulacral  groove,  204. 
Pentacta — Cuvierian  organs,  216. 
Pentastomnm — (Generative  organs,  298. 
Perameles — ^Tympanic  bone,  &6. 
Perennibranchiata  —  Branchial     arches, 

471;  Muscles  of  branchial  skeleton, 

497;   Eyelids,  532;    External  gills, 

645 ;  Longs,  572 ;  Cephalic  arteries, 

586. 
Peripatus — ^Form  of,  237;   Appendages, 

238, 24i  ;  Spinning  glands,  250;  Mus- 

cular  system,  251 ;  Nervous  do.,  255 ; 

Enteric  canal,  270 ;  Salivary  glands, 

273;  Circulatory  system,  283;  Tra- 

chem,  286. 
Perisossodactyla — ^Nipples,   422;    Dorso- 

lumbar  vertebra),  436 ;  Manns,  483 ; 

Pelvis,  486;  Third  trochanter,  490. 
Peritricha--Cilia,  79. 
Perlida— Tracheal    gills,    247, 289;    £c. 

dysis,  289. 
Petalosticha — ^Ambulacra,  199. 
Petaurista — Tympanic  bono,  466. 
Petromyzon — Auditory  capsule,  448;  Ol- 
factory organ,  525 ;  Ear,  533  ;  Respi- 
ratory organs,  542 ;  Aorta,  585. 


PhaUngium — Generative  organs,  298. 

Phallusia— Mantle,  394. 

Pharyngobranchiata — Branchial  arches, 
470. 

Phascolomys — ^Turbinate  bones,  547. 

Phascolosoma — Alimentary  canal,  161. 

Pherusoida) — Branchial  tentacles,  135. 

Phoca — ^Turbinate  bones,  5i7;  Stomach, 
558 ;  Pancreas  Aselli,  600. 

Pholas — Nervous  system,  345. 

Phronima — Optic  nerves,  253 ;  Heart,  280. 

Phryganida— Tracheal  gills,  247,  273. 

Phiynida  —  Gnathites,  244  ;  Nervous 
system,  256;  Eyes,  265;  Enteric 
canal,  269 ;  Lungs,  291. 

Phylactolrama — Muscular  system,  144. 

Phyllodoce — Visceral  nerves,  187;  Pro- 
boscis, 163. 

Phyllopoda  —  Shell,  235 ;  Appendages, 
238 ;  Ventral  chord,  254;  Eyes,  265 ; 
Liver,  275;  Heart,  280. 

Phyllosoma — Liver,  275;  Germ-glands, 
294. 

Physemaria — Ectoderm,  103. 

Physoklisti — Air-bladder,  567* 

Physophorids— l^ectocalyces,  96 ;  Air- 
sac,  97 ;  (Generative  organs,  121. 

Physostomi — Caudal  region,  431 ;  Bibs, 
438;  Air-bladder,  567. 

Pinna — Visceral  ganglia,  346;  Visual 
organ,  353;  Benal  ducts,  376;  Genital 
oanal,  381. 

Pinnipedia  —  Auditory  meatus,  539  ; 
Buccal  glands,  553  ;  Thymus,  600 ; 
Benal  organs,  605. 

Pipa— Sacrum,  483;  Atlas,  437;  Eusta- 
chian tube,  537 ;  Tongue,  551. 

Piscicola — ^Vascular  system,  167;  Gene- 
rative organs,  184. 

Plaoentalia — Foramen  ovale,  584. 

Plaoophora— Groove,  318;  foot,  321; 
Tentacles,  326 ;  Spicules,  330;  Bran- 
Ohio,  336,  337;  Nervous  system, 
844;  Liver,  365;  Auricles,  869; 
Excretory  organs,  875 ;  Ctenerativo 
organs,  380. 

Planaria— Tentacles,  132;  Liver,  166; 
CcBlom,  165 ;  Excretory  organs,  177 ; 
Genital  pore,  1&4. 

PlanorbidiB— Lung,  339 ;  Crop,  361. 

Planorbis— Blood-fluid,  375. 

Platyhelminthes— Form,  129;  Mouth,  129; 
Integument,  136;  Dermal  glands, 
141;  Muscular  system,  142;  Mus- 
cular fibres,  144;  Nervous  system, 
146 ;  Sexual  organs,  184 ;  Alimentary 
canal,  157;  Liver,  165;  Excretory 
organs,  175 ;  Generative  organs,  179. 

Flatyridni — Turbinate  bones,  647. 

Plectognathi — Bony  plates,  421. 

Pleione— Origin  of  nerves,  151. 

Pleurobranchus — Jaws,  360 ;  Salivary 
glands,  364 ;  Vessels,  372 ;  Beoepta- 
cnlum  seminis,  384. 
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PIciiroclouts— Tcelh,  551. 

Plpiiroma — Gfiuerativc  or|E:ans,  293* 

PJoTirophyllicliJi — Branchiie,  338* 

Plamatella^^Aliincntary  cmial,  160. 

Plnmulnria — Colonies,  89. 

Pjieumodorraon — ^Rospiratory  organs,  339  j 
tUfactory  orgaiiB,  852;  Liver,  366; 
HormaphroditG  glands^  382;  Copti- 
iatory  or^n,  385. 

Pojcilopoda — DeTclopmenfc,  234 ;  Abdo- 
men, 235 ;  Branchkc,  242  ;  Liver, 
275  J  Circulatory  aystem,  282  ;  Gene- 
rative oi^fans,  296, 

PodinMna — Columella,  458. 

Podophtbalma— Eye-BtAlk,  267. 

Podophrya^ — Nucleus,  89. 

Pol yacjantbuSr— Branchial  lamella?,  5-1  k 

Polycora— VcB&els,  372. 

PoIydesmiiR — Beiial  concrotions^  278. 

PolygordinB — Cilia,  138  j  Miiectilar  bjb- 
temt  142 ;  Cephalic  pits^  153. 

Polymorphina — Shells,  8L 

PolyptcniB  ^  Vertebral  coin  ran,  429  ; 
Ribs,  438;  Brain,  505;  External 
giUs,  5^15. 

Poly Koa— Skeleton,  82, 

PontoUmax — B  ranch  la?,  339. 

Podfera— Ectodomi,  103 ;  Skeleton,  106  j 
Soxual  orgauB,  119, 

Porpita^ — Air-sac,  97. 

Priapolna — Alimentary  canal,  161, 

Priinatos — Nipples, -122 ;  Epistemutn,  444; 
Initcrpiirietal,  464'^  Turbinate  bones, 
466;  Tympanic,  466;  Hvoid,  472; 
ManuB,  482 ;  Hallux,  491 ;  CerebelluTn, 
510;  PouB  Varolii,  510;  Uvula,  549; 
Stomacl),  558 ;  VenoB  cavm?,  593  j 
Renal  org^anp,  606  ;  Penis,  623. 

PriBLinms — Ovaries,.  64> 

Procyon— Dorso-lumbar  rcrtohrtDj  437. 

ProponiF — -Auditory  oripkn,  156. 

ProrhynchuB — Alimentary  canal,  157- 

Prorodon  —  Contractilo  basdB,  80 ; 
Pharynx,  85. 

PrOBimii  ^  Nipplon,  422 ;  Caeca,  562, 
Uterus,  616, 

Prosobrauobiata — Epipodium,  324;  Cere- 
bral ganglia,  347  ;  Ommatcvphor,  359; 
JawB,  360 ;  Crop,  361  ;  Salivary 
glands,  364 ;  Germ  .glands,  385. 

Proteaa— Vertebra*,  432  ;  Thvroid  gland, 
6&i;  Stomach,  657;  Mid-f^ut,  561 ; 
Larynx,  570 ;  Lungs,  672 ;  Blood- 
corpuBcIes,  577  ;  Auricle,  580. 

Protista  —  Cilia,  39;  Conjngation,  62; 
Spores,  87* 

ProtopteruB — Fin,  477  ;  External  gill  a, 
&15  ;  Air.blttdderB,  568  ;  Conns  artc- 
riosuB,  578. 

Pfotosoa — Review  of,  75  ;  Bibliography, 
77;  Supporting  organs,  81 ;  ItcBpira- 
tion  in,  85  ;  Sensory  organs,  86, 

Protracheata — Enteric  Vanal,  269 ;  Tra- 
chetc,  286;  Generative  organs,  296. 


Protula— Teutaeles,  133. 

l*80iidoneuroptcra-*TliemXt239!Gnathite8, 
245;  Feet,  246;  Ventral  chord,  258; 
Enteron,  272 ;  Jfalplghian  vesseb, 
277  ;  Tracheal  ayetem,  289, 

PsittneidtD^Tongne,  551  j  Cajca,  562, 

PsoloB — Ambulacra,  199. 

Pteraster — Arme,  196. 

Pteroccra— Siphon,  323. 

Pteropoda— Velum,  322;  Mantle,  322; 
Foot,  323,  324;  Shell,  332,  Muscles, 
313;  Ncrvnua  Rjatcra,  349;  Buccal 
ganglia,  351;  Tcotacles,  352;  Olfae- 
tory  organs,  362  ;  Auditory  vesicles, 
357 ;  Alimentary  canal,  358 ;  Rndula, 
360;  Btoniaeh,  362;  Liver,  36<5; 
Heart,  371 ;  Vessel s,  372  ;  Generative 
organs,  381 ;  Hermaphrodite  glancis, 
3K3 ;  Becoptacnlum  seminis,  384 ; 
Copulatory  organ,  385. 

Pterotrachea — Shell,  323;  Sen Bory  organs, 
351 ;  Ommatophorj  359 ;  Kecepta- 
eulnm  seminis,  386. 

Ptcrygota — Gnathites,  245;  Ventral  chord, 
258 ;  Trachea^,  288. 

Pulex— Ventral  uhord,  269. 

Pulmnnata— Shell,  332;  Salivary  glands, 
364;  Excretory  organs,  377;  Hertua- 
pbrodite  glands,  383. 

Pijpipara — ^Ventral  chord ^  269, 

Purpura  —  Dermal  glands,  329  ;  Anal 
glands,  362. 

Py en ogotiida — Nervous  system, 256;  Eye«, 
2CG;  Csec«,269;  Cireulntory  Bystem, 
284;  Tracheee,  291;  Generativo 
organs,  2i)i}, 

Python— Skull,  ^160;  Lajynx,  569;  Voina, 
591 ;  Copulatory  organs,  621. 

Pyrofloma — Stolo  prolifer,  396;  Lumi* 
nous  organs,  294  ;  Muscular  system, 
395;  Nervous  system,  396 ;  Languets, 
401;  Branchial  slits,  402;  Sexual 
organs,  407. 

PyrulBH-Ce&lom,  367. 

Radiol  aria^ — Central     capHule,     76,     82; 

Sheila,    81 ;    Skeleton,    82 ;    Figure, 

82 ;  Spores,  87. 
Raua— Stenium,    442 ;    Palato-cjuadmle, 

457 ;  Shonldcr-girdle,  476  ;   Larynx, 

569. 
Eaptores^Optic    bulh,    529;    Turbinate 

bone,  547 ;  Stomach.  558. 
Ratitof? — SteiTinm,  443;    Shoulder-girdle, 

476;  Precoracoid,  476;  Clavicle,  477; 

M.    pyramidalis,     496;     Lymphaiio 

hearts,  699  j  Copulatory  organs,  621, 
Rays — Dcril>al  denticlcB,  424;  Articular 

processes,  437  ;   HyoraandibQlar,  449; 

Bhoulder-girdle,    474 ;     Protoptery- 

giutn,    478 ;    Elect rio    organtu,    600 ; 

Vagus,  521;  Gelatinons  tubes,  524; 

Naeal  groove,  526;  Branchial  clefts, 

5-13. 
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Reaillft— Pore,  117* 

BepdliiL — A^'edieal  frin^,  415  j  Coriuni, 
417;  Scales,  417;  Dennal  bones,  425  ; 
Vertebral  coliimu,  429  j  Atlae^  437; 
Axle,  437;  Hibs,  410  j  Stemuni,  143; 
EpistcrDiiiii,  444  ;  Squaiiiosal,  458  ; 
Postfrootala,  '15J*i  Nneal  cavities, 
460;  Hani  palate,  4G0j  Branchial 
skeleton,  46I>;  Hyoicl,  471 ;  Shoulder- 
girdle,  476  j  Ilinm,  -IWIj  Fore-liTiib, 
481  J  Tees,  490;  Dermal  mnsclcti, 
493  i  Intercostal  mnscles,  405 ;  Masti- 
catory mascles,  497 ;  Bmchial  pfoios, 
614  J  Crtinil  plextis,  Bl5j  Sacral 
plexQB,  515;  Goblot^ahaped  or^ans^ 
521 J  Gustatory  orj^an,  525?  Lcmip, 
531;  Optic  muscles,  531;  Ej'olitlsJ, 
532 ;  Ijichrymal  |?]aiulfl,  532 ;  La- 
chrjnml  ducts,  533 ;  Lagena,  536 ; 
Tympanic  cavity,  537  ;  External  ear, 
538;  Buccal  cavity,  549;  Tt'otli, 
550;  Tongne,  552;  Labial  glands, 
553;  Thyroid  gland,  5&I ;  Ed  boron » 
555;  Stomncli,  51»7 ;  Hiud-gat,  562; 
Oleooa,  563;  Epiglottis,  571 ;  Trachea, 
571 !  Lungs^  573  ;  Blood- corpuscles, 
576;  Heart,  587;  Jngular  veins,  690; 
Venaa  vertebrales,  591 ;  Cardinnl 
veins,  591 ;  Superior  vena3  cava?,  591 ; 
Unctufl  Guvieri,  591 ;  Eenal  TeiD^^ 
594 ;  Lympbatjc  bearta,  599 ;  Peyerian 
glands,  600;  Thvmtis,  600;  Renal 
organfi,  609;  Egg,  609;  Yolk,  G09; 
Cloaca,  620. 

EMiooephftla— Mantle,  236;  Eyes,  26-i; 
Enteric  catkal,  269. 

EhiMcriaus — Figure,  197. 

Bbizopoda — Setisory  organs,  12  ;  Aliment- 
ary canal,  47  j  Frotoplasm,  76 ;  P&en* 
do  podia,  78 ;  Sporea,  87. 

Rhomb ifera^ Bony  plates,  424. 

Ehyncotiella— Excretory  organs,.  313, 

Bodentia — Nipplee,  422  ;  Epiaternnm, 
4-lri  J  Interparietals,  46-^ ;  Hyoid, 
472;  Contrale,  482;  Pelvis,  486  { 
Fibula,  490;  Cerebral  bemisphei-ea, 
609  ;  Buccal  poncbes,  5-10 ;  Teotb, 
552  J  Stomach,  55B ;  CKcnm,  563  ; 
Liver,  56-1;  VenEO  cavoa,  592;  Benal 
orgaDB,  60fi;  Utema,  616;  Testes, 
618;  Vesioniu  aeminales,  618;  Profi- 
tatio  glands,  619 ;  Copnlatory  oi-gans, 
622  ;  Tyson's  glandj»,  624. 

Botalia — Fignrc,  78* 

llotatoritt— SogmeutatioiJ,  129;  Cilia,  138; 
Wbeel  organ,  138  ;  Dermal  carapaoe, 
139;  Tabea,  139;  Kervoas  svfltem, 
X46 ;  Tactilo  settE,  152  ;  Visoal 
organe,  154;  Alimentary  canal,  160; 
Glandular  organs  of  enteron,  174 ; 
Ccelom,  166;  Excretory  organa,  174  j 
Generative  organs,  190- 

Ruminantia — Interparietal,  464;  Cuboidi 
490  ;      I'apctum,    530  ;     AcceeFJOiy 
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cavities  of  nose,  548;  SinoB  masil*] 
larj,  5^16 ;  Stenoniaa  dncts,  548 1  8to-  ] 
mach,  559* 

Sacoobranohus — ^Brancbial  tabes,  &45i      ' 

Stcnuris^Vaiicular  system,  168. 

Bagitta — Nervona  ayatem,  149;  Eyes,  161. 

Salamandrina — Vertebni>,  432, 433;  Hind- 
limb,  488;  Trunk  muscles,  494;  M. 
pyTamidnleflr496;  Lunge,  573;  Heart, 
581 ;  Lymph  spaces,  598 ;  Vagus,  517; 
Eyelids,  532;  Eiternal  gills,  545. 

Sahiio — Notochord,  427  ;  Cartilaginous 
cranium,  450 ;  Mandibular  apparatup, 
454 ;  Enteron,  £56 ;  Kidneys,  604 ; 
Ovaries,  610. 

Salpsi— Stolo  proliferj  391 ;  Asexual  form, 
392  J  Sexual  form,  392  j  Maaenlnr  sya- 
tem,  395 ;  Nervona  ayatcm,  395 ;  Sen- 
sory organs,  397;  Ciliated  groove, 
397;  Visual  rvrgans,  397;  Ventral 
groove,  *102  ;  Enteron,  404 ;  Nuclent» 
40'1'|  lloart,405;  Sexual  organs,  407- 

Saltatoria— Thorax,  237- 

Saphenia— Tentacles,  102. 

Sapphiriaa — Female  organs,  294* 

Sarcoptes — Trnehen^,  29L 

Sarcorhaniphus — Veins,  591 . 

SaniadiD^Gastro vascular  system,  115. 

Baurii — Centra   of  vtjrtebne,   433 ;  Pro* 
cesses  of  do.,  433;  Caudal  do,,  4.34, 
Ri?ifl,  '438  ;  Sternum,  442 ;  Columella, 
458,  538;  Vomer,   459;  Lachrymal;     _ 
459 ;  Pterygoids,  461 ;  Palatines,  461  f    J 
Maxilla,  462;  Sbonlder-girdle,   476;    1 
Carpus,  481 ;  Ilium,  484  ;  Pubis,  185  ; 
Tarsus,  489;  lutercogtal  mnBolea,496; 
Masticatory   do.,   497 ;    Brain,   607 ; 
Sclerotic,  530 ;  EyeHda,  532 ;  Ductus 
endolymphaticuB,  534  ;  External  ear, 
538;   Nasal  glnndB,    5J8;    Orgau  of 
Jacobaon,  548;   Tcetb,  550;   Tonguoj 
552 :  Labial  glandy,   553 ;  Hiad-gnt, 
562 1    Liver,    561;    Mesentery,   566  j 
LiTOgs,   573 ;    Heart,   581 ;    Arterial     1 
arehea,  582;  Carotids,  507;  Arteriso    I 
inter coatales,  589;  Epigastric  veinp, 
595;    Oviducts,   618;    testes,    614; 
Vasa    deferentia,     614;      Mullerian 
duet,   615;  Allantoia,  620;   Copnla- 
tory organ  B,  621. 

Sauropsida^ — Vertebral      column,      433  j    J 
Skull,  '157 ;  lachiac  arteries,  689.  ^ 

Scapbopodft— Appendages,  326  ;  Ncr^^ons 
Byatem,  347 ;  Vianal  organs,  353 ; 
Auditory  vesicles,  357 ;  Alimentary 
canal,  358. 

Schizopoda — Branch iir,  241 ;  Heart,  281 ; 
Female  organs,  294;  Male  organa, 
295  ;  Seminal  elements,  305, 

SchixostomesE) — Alimentary  canal, 

Scincoidea — Dermal  bones,  42 5< 

Scinrns— Uterus,  616, 

Scoleina — Dennal    glandfl^    141  j 


canal,  157.  J 

^25.  I 

141 J    Nerve  I 

2  T  i 
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trnuks,  119;  GaygUit,  150;  Vusciikf 
ByBtom,  168  J  Excrotory  organs, 
176. 

Scolopcndra — Saltiraiyglandsi  274;  Lively 
27-A  J  Malpigliian  veaaelty  276 ;  Cir- 
Qulnioiy  ay Etam,  28^ i  G€Derali^cor- 
gauB,  299. 

Scomber— Troak  mtisclcfl,  49  tj  Appea- 
dices  pylorictDi  660, 

Scorpionea — Motameree^  237;  Chc?lioeiiL% 
241;  Ititcgiimoiit,2t8j  Poison  gland?*, 
250 ;  NervoQH  system,  256  j  Eyo,  265 ; 
Euteric  eaual,  269;  Hiiiti-gut,  270  j 
SaliFftry  glands,  274;  Hepatic  tiiboB, 
275 ;  Malpighjan  vessels,  276 ;  Cir- 
culatory syfltem,  28  i;  Luaga,  291; 
Gonerativo  orgaus,  297. 

Scatigera— Ti-acbea?,  288. 

Scyllaea— Branchia',  338 ;  Stomach,  3G2  ; 
Vessels,  372  ;  Excretory  organs,  377. 

Soyllmm — Brain,  50t;  Olfactory  organs, 
525 1  Bmncbial  cuvityi  543 ;  OvarioB, 
61U 

Soymmia — Arachnoid,  513, 

Scyphostoma — Gas  tro  vascular  ayatom, 
116. 

Sogeetna: — Trachetr,  291 ;  Ovariej',  297- 

Selachii— Cart il ago  colls,  26  ;  Anterior 
oppeudogcs,  il  1 ;  Dermal  denticles, 
428;  Vertebral  col  imui,  429;  Trane- 
Tone  proccssest  431 ;  Fin- rays,  432  ; 
Kibe,  439 ;  Crauinni,  447  ;  Palato- 
quadrato,  -MS ;  Hyoid,  448  i  Mandi- 
bular apparatus,  453  ;  Branchial 
skeleton,  468;  Hyoid  arch,  469  j 
Copiilfo  of  liyoid,  469 ;  Arcliip- 
terygiiim,  473;  Anterior  appeudagfea, 
474;  Shonlder-girdle,  474;  Fin, 
477  ;  Pelvicgirdlo,  484 1  Veatral  fin, 
4H7;  Dermal  imflBcles,  404  ;  MtibcIcb 
of  branchial  skeleton,  497;  Olfac- 
tory lobes,  50-1^;  Thalameocephalonj 
504 ;  MeRcnofJphalon,  505  ;  Siuiis 
rhomboid aliSj  505  ;  Mednlla  oblon* 
gata,  505  ;  Optic  nerve,  515  ;  Civ 
phalio  nerves,  516;  Vaprti^,  617; 
Facial  nerve^  G17  j  GlosBophar- 
yngeal,  518;  tiolatinoiiB  tnbea,  524; 
Olfactory  organs,  525  j  Sclerotic,  629; 
Ciliary  processes,  530 ;  Tapetnm, 
530;  Eyelids,  532;  Vefltibule.  534; 
Otoliths,  536;  Spiracle,  537;  Bran- 
chial  pouches,  542 ;  Spiracnlar  cleft, 
542;  Branchial  lamol lie,  544 i  Teethe 
550;  Knteron,  565;  Stomach,  557; 
Spiral  vahe,  560 1  Hincl-gut,  562} 
Air-bladder,  567;  Abdominal  pore, 
574 ;  Conns  artenosua,  578  ;  Bran, 
chial  arteries,  579  ;  Aorta,  585 ; 
Spleen,  600 ;  Thymus,  6U0 ;  Arehinc^ 
phric  duct,  G02  •  Kidney,  603; 
Kephrofitoniftta,  603  ;  Hulleriau  duct, 
603;  Eggs,  60^;  Yolk,  6(9;  Speiiu, 
60S);    OvariefT^   610,   611;  Gonninal 


glandd,  6U;  Epigoual  Organ,  Gil 
Copalatory    organs,     611;     Cloaca, 

6ia 

Sepia — Mantle,  325 ;  Copulatory  organs, 
327  J  Eospiratory  organs,  3  40 1  In- 
ternal skeleton,  341 ;  Buccal  ganglia, 
351;  Eye,  355;  Auditory  plate,  357; 
Casoa,  363;  Liver,  366;  Foucbes  of 
Necdham,  357. 

Sepiada?  — Fins,  325;  Amw,  826;  Od 
sepisj?,  334 ;  Arteries,  374. 

Sepiola — Liver,  366, 

Sergestea — Auditory  vesicles,  261. 

Serpula — Tentaclep,  133;  Stalk  of  oper- 
Guluraj  13 1 ;  Ganglionic  chain,  149, 

Serranua — Hermaphrodite  arrangemeatb> 
611, 

Sertularia— Colonies,  93  ;  Teats,  16t, 

Shad— Beard,  52t. 

Shark— Skin,  423  j  Dermal  deatioles,  ^423  j 
Caudal  region,  431, 

Sialida — Salivary  glandit,  274. 

Siredon — Vertebra?,  432  ;  Auditory  osei- 
clea,  G38. 

Siphoniata— Siphons,  320. 

Siphonophora — Dlvisiou  of  labour  in,  95  ; 
Ci>louio3,  Bm>  ;  Nectocalyces,  96 ; 
FigQPe,  B6}  Nutritive  persons,  96; 
Protective  persons,  97;  Tentacular 
persona,  97  ;  Generative  persons,  97; 
Cilia,  101 :  Muscular  syateni,  108 ; 
Gastric  system,  114;  Pigtoeuted  iu- 
vestmeut  of  stomach,  118;  Bexyam- 
tion  of  sexes,  120 ;  Generative 
products,  121, 

Silurus — Lymph  sinuses,  599. 

SimiED — Liver,  564;  Utorua,  616;  Hymen 
616, 

Singing  Birds — Syrinx,  572, 

Siphonostoroa  —  Tentacles,  133,  135  ; 
Degeneration  in,  236  ;  O^'aries, 
293. 

Sipimoulus — Oerobml  mass,  14kS;  Gan- 
glion cells,  148  ;  Alimentary  canal, 
161,  162;  Vascular  system,  171; 
Excretory  organs,  176» 

Silken — BJood-oorpuflcloa,  576. 

Sirenia — ^Kipploa,  422 ;  Caudal  vertebra?, 
436. 

Smynthurus—Traohcm,  288. 

Solaat^r — Arms,  196;  Alimentary  caaal, 
213. 

Solen— Ganglia,  345. 

Solenogastres  —  Ventral  surl^ce,  130; 
Aciculi^  139;  Norvonfl  system,  151 ; 
Groove,  318, 

Soliduugula  —  Foro-limb,  483  ;  Veaai 
cava>,  592. 

Sorex— Jugal,  466;  Coracoid,  476. 

Spatangidte — Semita?,  201;  Dermal  skele* 
ton,  205  J  Spiiica,  206 ;  Muaoular 
systeui,  207;  Blood -voshoIb,  218; 
Wat  or.  vascular  ring,  220;  Stone, 
canal,  222;  Geaerative  organs,  226, 
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Sphscrodoram — Integamont,  138. 

Sphinx — Digestive  organs,  270. 

Sphenodon— Ribs,  440 ;  Quadrate,  461. 

Spiders — Chelicer®,  244;  Spines  or  seta), 
250 ;  Spinning  glands,  250;  Nervons 
system,  256;  Cerebral  ganglia,  256; 
Eye,  265 ;  Digestive  organs,  269. 

Spio-— Dermal  glands,  141. 

Spirocbona — Carapace,  83. 

Spirorbis — Stalk  of  opercalom,  184. 

Spirostomnm — Contractile  bands,  80; 
Nnoleolas,  87. 

Spimla— Shell,  834. 

Spondylus— Shell,  336. 

Spongia) — Gastrula,  92 ;  Tentacles,  101 ; 
Integnmont,  103 ;  Alimentary  canal, 
111 ;  Gastric  system,  112 ;  Lipo- 
gastria,  113;  Sexnal  organs,  119; 
Ova,  124. 

Spongilla — Amphidiscs,  106. 

Sqoatina — Protopterygiom,  478;  Arach- 
noid, 513 ;  Enteric  canal,  560 ;  Heart, 
678. 

Sqnilla — Branchia?,  241 ;  Nervons  system, 
253. 

Stanridinm — ^Tentacles,  93. 

Stentor — Contractile  bands,  80;  Shells, 
83  ;  Anal  opening,  85. 

Stcphanoceros — ^Wheel  ox^n,  138. 

Stemaspis — Respiration  in,  136;  Cere- 
bral mass,  148 ;  Ganglion  cells,  148  ; 
Yasonlar  system,  171  ;  Excretory 
organs,  176. 

Stomapoda — Liver,  276 ;  Heart,  281. 

Strepsiptera — Wings,  248;  Male  organs, 
304. 
'  Strombus— Siphon,  323. 

Stmthiones— Sacmm,  436;  Sknll,  460; 
Toes,  490 ;  Pecten,  530;  Marsnpimn, 
531;  Turbinate  bones,  647;  Lym- 
phatic hearts,  699;  Copulatory  or- 
gans, 621. 

Stnriones — Dermal  bones,  426;  Vertebral 
colomn,  430;  Ribs,  439;  Cartilagi- 
nons  cranium,  450;  Mandibular 
apparatus,  453;  Operculum,  455; 
Goblet-shaped  organs,  623;  Ciliary 
processes,  630;  Branchial  lamellte, 
644 ;  Thymus,  600. 

Suina — ^Nipples,  422;  Manns,  483. 

Suctoria — Pscudopodia,  83. 

Swans — Trachea,  672. 

Sycaltis— Skeleton,  105. 

Sycones — Ectoderm^  103  ;  Gastric  sys- 
tem, 113. 

Syllidaj — Parapodia,  134;  Visual  organs, 
155. 

Synaptaj — Ambulacra,  198 ;  Tentacles, 
200;  Calcareous  anchor,  206;  Inte- 
gument, 206 ;  Internal  skeleton,  207; 
Muscular  system,  208;  Alimentary 
canal,  214;  Figure  of,  223;  Polian 
vesicles,  223 ;  Water-vessels,  223 ; 
Hermaphrodite  organs,  226. 


Syncoryne — Tentacles,  93 ;  Figure  of,  98, 
Syncorynidce— Cormi,  94. 


Taenia — Segmentation,  129 ;  Cystic  form, 
131;  Aciculi,  140;  Female  organs, 
182. 

Tamoya — Marginal  filaments,  102. 

Tanais — Auditory  vesicles,  261. 

Tapil^— Manus,  482. 

Tardigrada— Eye,  266;  Generative  organs, 
298. 

Talpa — Manus,  482. 

Teleosaurii — Dermal  bones,  426. 

Tegeneria — ^Trachea>,  291. 

Teleostei — Bony  plates,  424;  Vertobral 
column,  430;  Transverse  processes, 
431 ;  Caudal  region,  431 ;  Fin  rays, 
432 ;  Articular  processes,  437 ;  Ribs, 
4-39;  Cranium  (cartilaginous)  450; 
Sphenoids,  452;  Mandibular  appa- 
ratus, 453;  Operculum,  456;  Bran- 
chial arches,  469;  Shoulder-girdle, 
474 ;  Thoracic  fin,  478 ;  Pelvic- 
girdle,  48-1 ;  Ventral  fin,  487 ;  Dermal 
muscles,  492;  Muscles  of  branchial 
skeleton,  497 ;  Olfactory  lobes,  504 ; 
Thalamencephalon,  504 ;  Mesen- 
cephalon,  505;  Sinus  rhomboidalis, 
505 ;  Optic  nerves,  615 ;  Facial 
nerves,  617;  Glossopharyngeal,  618; 
Vagus,  521;  Goblet-shaped  organs, 
523;  Mucous  canals,  524;  Lateral 
line,  524;  Olfactory  organs,  625; 
Sclerotic,  529 ;  Optic  muscles,  631 1 
Kyehds,  |532 ;  Ductus  endolympha- 
ticns,  534 ;  Asteriscus,  636 ;  Bran- 
chial clefts,  643 ;  Spiracular  cleft, 
643  ;  Branchial  lamellae,  644 ; 
Teeth,  650;  Enteron,  565;  Fore- 
gut,  656  ;  Stomach,  667 ;  Mid- 
gut, 559  ;  Air-bladder,  667 ;  Bulbus 
arteriosus,  578 ;  Branchial  arteries, 
679 ;  Aorta,  685  ;  Thymus,  600 ; 
Kidney,  603, 604 ;  Yolk,  609 ;  Ovaries, 
610 ;  Cloaca,  619. 

Tenthredineso — Feet,  246;  Cement  glands, 
303. 

Terebella — Tentacles,  133 ;  Branchial  do., 
135 ;  Vascular  system,  169. 

Tcrebratula — Circlet  of  cilia,  807 ;  Mus- 
cular system,  307 ;  Nervous  system, 
310 ;  Excretory  organs,  313. 

Termes — Nervous  system,  257. 

Termites — ^Malpighian  vessels,  277. 

Tcsticardines— Stalk,  308;  Shell,  308; 
Skeleton  of  arms,  308;  Alimentary 
canal,  311 ;  Generative  organs,  313. 

Tetractinia— Tentacles,  99. 

Tetrarhynchus — Aciculi,  140. 

Thalassema — Excretory  organs,  176. 

Thaliado) — Stole  prolifer,  391. 

Thaumantias  —  Gastrovascular  system, 
115. 
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Thecidiam— Metamerea,  307  i  Gonomtire 
organs,  313. 

Thecomedtisa?— Organ  t  Ration  J  98  j  8oy- 
phostoma  ftirm^  98 ;  Strobila,  99 ; 
Ephyra  form,  9i> ;  Diflcopbom  of,  99. 

ThoGosomata— Velum,  318,  321  ;  Ucad» 
33^$, 

Theljphonns— Nervous  eystom,  2S6. 

Tliomiaua— Trachea,  291. 

Thoracoatraca^— Optic  riervos,  253  ;  Ven- 
tral chord,  231;  Heart,  281 ;  Female 
orgaoBj  291. 

Tliylaciiius — Marsupial  bones,  -407, 

Thysunopoda —  B ran  e  li itp,  2 12, 

ThjsanozooQ— Teataclea,  133 j  AliniDUtary 
canal,  158, 

Thysaniira— Guatbitos,  245;  Feet,  2tfi; 
Ventral  chord,  258 ;  Eye,  265;  Enteric 
canal,  372;  Trachea?,  288. 

Tinc^ — Goblet^shaped  organs,  523, 

Tiatinnna — Shells,  83, 

TipulidEQ — ^Eyo,  267. 

Toftda— Sperm»  C69. 

TomoptGris^-QenQTtitive  organs,  189. 

Tofpedo — Elootrio  organa,  500,  505. 

Tortrix— Hyoid,  472. 

Toucan — Tongne,  552. 

Traclieata^Development,  234 ;  Appen- 
dages, 233.  213  J  Antenna?,  2U;  Ner- 
vona  syatetn,  255 ;  Salivary  glands, 
273  ;  Liver,  275  ;  Malpightan  veascls, 
276,  286  J  Fat  body,  278;  Rooal  con. 
cretions,  278  j  Circulatory  eyatem, 
282;  Tracheae,  28a 

Titicheliufl — Contractile  veBiclee,  86. 

Trachynema— Tentacles,  102,  107  j  Mar- 
ginal vosioles,  110, 

Tragulida — Stomach,  559. 

Trematoda — Sporocyst,  131  ;  CerearifTj 
131 ;  Cilia,  137 i  Aciculi,  139 ;  Stylets, 
141 1  Dermal  glands,  1 11  ;  Suckers, 
143  •  NervonB  ay  stem,  litj  j  Visceral 
nerves,  161  ;  Visual  organs,  153  ; 
Alimentary  canaJ,  157 1  Glatidular 
organ  of  entoi*on,  164  ;  Liver,  1G5  ; 
Excretory  organs*  173  ;  Generative 
organs,  179  ;  Tore,  183. 

Trenioctopnfl^llectoetjtyhsed  anna,  327. 

Tricocephalaa — Muscular  system,  143. 

Trionyx— Plastron,  426. 

Trifltoma — Excretoiy  organs,  173. 

Ti-i ton— Lungs,  573  ;  Heart,  681. 

TnbicoUe— Tnbe,  134  ;  Seta%  110  ;  Viflual 
organs^  155 ;  Hind -got,  lfj3 ;  Vascniar 
eystemi  169. 

Tubifex — Generative  organs^  189 ;  Sper- 
matophorea,  191. 

Tabipom— Skeleton,  106. 

Tabu laritt— Buds,  95  ;  Tentacles,  101  ; 
Tests,  101 ;  Supporting  lamella,  107  ; 
Hgmented  investment  of  Btomach, 
108. 

Tnaicata — General  review,  388  ;  Biblio- 
graphy,   389  ;     ClBSsificatioD,    389  ; 


Form  of  body,  390  ;  Integamont, 
893]  Mantle,  393;  Skeleton,  391 ; 
Muflcular  system,  391 ;  Nervous  sys- 
tem, 395  ;  Sensory  orj?ana»  397 ;  Ali- 
mentary canal,  39i  ;  Ventral  groove, 
402  ;  8exual  organs,  '106. 

TiirheUaria— Mouth,  129 ;  Tentnclos,  132  ; 
Epidermis,  137  ;  Rod- like  bodies, 
1  M> ;  Muscular  system,  142  ;  Nervous 
Rystetu,  ll'i  ;  Visceral  nerves,  151  ; 
Tactile  sette,  152  ;  Visunl  organs,  153  ; 
Auditory  orgaus,  15G ;  Alimentary 
canal,  157 ;  Glandular  organs  of  en- 
teron,  161;  Excretory  organs,  173; 
Generative  organs*  179  ;  Pore,  181. 

Tylopoda— Fore-limb,  483 ;  Stomach,  559 ; 
Blood- corpnaoles,  576. 

LTngulata  —  Nipples,  4^22  ;  Vertebral 
eolnmo,  ^135 ;  Paramastoids,  463  ; 
Clavicle,  477  ;  Fibula,  494  ;  Hallux, 
491 ;  Cerebellum,  510  ;  Uterus,  616. 

Unio — Mnaclea,  342  ;  Norvoua  system, 
345  ;  EfTeront  renal  daots,  376,  Geni- 
tal canal,  381. 

Urodela— VortebraJ,  432,  433  ;  Shotjlder- 
girdle,  475 ;  Pel  vie- girdle,  484  j  Hind- 
limb,  488  ;  Brain,  605  ;  Ductas  en- 
dolymphatiouBj  531;  Auditory  oa- 
aides,  538 ;  Stomach,  537 ;  lliao 
vein,  593  ;  Lymphatic  hearts,  599  ; 
Kidneys,  604 ;  Ureter,  601 ;  Cloaca, 
613. 

Uromostii — Stem  am,  412. 

Uraina— 'Cfflocnm,  562. 

Ursus— Jienal  organs,  605. 

Vaginiooln— Shells,  83. 

Varan  us— Col umella,468 ;  Brachial  plexus, 
514;  Tongue,  652. 

Vegetable  Kingdom — Cells,  15  ;  Tisime*, 
21. 

VeloUa— Generative  persons,  97  ;  Air^sac, 
98  ;  Hepatic  canals,  118  ;  Generative 
products,  121. 

Vermes — Gftatrula,35  ;  Dermal  branchiiP, 
36  ;  Excretory  organs,  4G  ;  Alimen- 
tary canal,  47,  48 ;  Kespiratory  or- 
gans of  the  enteron,  49 ;  Vascular 
systom,  50 ;  Genimation  in,  61 ;  Ho- 
mology in,  frl ;  ClassificatiuD,  125  ; 
Bibliography,  127 ;  Form  of  body 
128  ;  Segmentation,  129  ;  Moscniar 
system,  112  ;  Visceral  organs,  153; 
Auditory  organs,  156  ;  Alimentary 
canal,  156 ;  Coelom,  165  ;  Genei"ativo 
products,  190. 

Vertobrato — Branchial  clefts,  7t  Lungs, 
10;  Conneetivo  tissue,  24;  Osseous 
tissue,  28;  Blood  .corpuscles,  29} 
Carttlagiuous  skeleton,  38;  Mqsoq* 
latore,  40 ;  Excretory  organs,  47  i 
Kespiratory  organs  of  the  enteron, 
48  ;    Homology    in,    64J;     General 


INDEX. 


645 


review,  403;  Clasaifioation,  409;  Bib. 
liography,  412 ;  Form  of  body,  413 ; 
Head,  413  ;  Appendajifea,  414 ;  Limbs, 
415;  Integument,  417;  Ectoderm, 
417;  Dermal  papillae,  417;  Dermal 
bones,  425;  Internal  skeleton,  426; 
Ribs,  438 ;  Thoraoicgirdle,  473  ; 
Pelvic-jifirdle,  473 ;  Arohipter/ginm, 
473  ;  Foro-limb,  479 ;  Mascular  sys- 
tem, 491 ;  Nervous  system,  501 ; 
Brain,  503 ;  Pineal  gland,  503 ;  In. 
fundibnlum,  50i;  Fia  mater,  513; 
Arachnoid,  513 ;  Spinal  nerves,  514 ; 
Vagus,  516 ;  Olfactory  organs,  525 ; 
Eye,  527;  Iris,  530;  Fenestra  ovalis, 
537;  F.  rotunda,  537;  Tympanic 
cavity,  537 ;  Auditory  ossicles,  538 ; 
Enteric  oanal,  539;  Gall  bladder, 
561;  Pancreas,  565;  Goslom,  574; 
Vascular  system,  575;  Systemic 
arteries,  585;  Spleen,  600;  Excre- 
tory organs,  601;  Generative  organs, 


606;     Germinal     epithelium,    606; 

Male  germinal  glands,  609 ;  Sperm, 

6>9 ;  Genital  ridges,  610. 
Virgularia — Generative  organs,  123. 
Viverra— Testes,  618. 
Voluta— Proboscis,  361. 
Volvocineoo — Colls,  19. 
Vortex — (}onorativo  organs,  180. 
Vorticellinro— Stalk,  83  ;   Anal  op<^ning, 

83 ;  Nucleus,  89. 
Vultur — Cervical  vertebroo,  434. 

Waldheimia — ^Nervous  system,  310  ;  Vas. 

oular  system,  382. 
Wasps— Mid-gut,  272;  Parthenogenesis, 

302. 
Whales— Whalebone,  549. 
Woodpeckers  —  Tongpie,    652;    Caoonm, 

562. 

Zoothamniam— Contractile  bands,  80. 
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